Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


> 


PROCEEDINGS 


OF  THE 


Indiana  Academy  of  Science 


1906 


EDITOR. ARTHUR  L.  FOLEY 


INDIANAPOLIS,  IND. 
1907 


INDIANAPOLIS 

Wm.  H.  BrKt'ORi),  Printer 

1907 


THE  STATE  OF  INDIANA, 

ExBOUTiVB  Dbpartmbnt 

May 


klBNT,        [• 

7.  1907. J 


Received  by  the  Qoyemor,  examined  and  referred  to  the  Auditor  of 
State  for  yeriftoation  of  the  financial  statement. 


Office  of  Auditor  of  State,  'j 

Indianapolis,  May  18,  1907.  j 

The  within  report,  so  far  as  the  same  relates  to  moneys  drawn  from 
the  State  Treasury,  has  been  examined  and  found  correct. 

J.  O.  BILLHEIMBR, 

A  lulitor  of  State. 


May  18,  1907. 
Returned  by  the  Auditor  of  State,  witli  above  certificate,  and  trans- 
mitted to  Secretary  of  State  for  publication,  upon  the  order  of  the  Board 
of  Commissioners  of  Public  Printing  and  Binding. 

FRED  L.  GEMMER, 
Secretary  to  the  Governor. 


Filed  in  the  office  of  the  Secretary  oi  State  of  the  State  of  Indiana. 
May  18,  1907. 

FRED  A.  SIMS, 

Secretary  of  State, 


Receiyed  the  within  report  and  delivered  to  the  printer  May  18,  1907. 

HARRY  SLOUGH, 
Clerk  Printing  Bureau, 


) 


(3) 


-'59059 


TABLE  OF  CONTENTS. 


PA(JK. 

An  act  to  provide  forthe  publication  of  the  reports  and  papers  of  the  Indiana 

Academy  of  Science 5 

An  act  for  the  protection  of  birds,  their  nests  and  eggs 7 

Officers,  1906-1907 8 

Committees,  1906-1907 9 

Principal  officers  since  organization 10 

Constitution 11 

By-LAWB. . . . • 13 

Members,  Fellows 14 

Members,  non-resident 15 

Members,  active 16 

Program  of  the  Twenty-second  Annual  Meeting 20 

Report  of  the  Twenty-second  Annual  Meeting  of  the  Indiana  Academy  of 

Science 22 

Report  of  the  Spring  Meeting  of  1906 22 

Paj^ers  presented  at  the  Twenty-second  Annual  Meeting 23 

In  lex 152 


ii) 


AN  ACr  TO  PROVIDE  FOR  THE  PUBLICATION  OF  THE  REPORTS 
AND  PAPERS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE. 

[Approved  March  11,  1805.] 

Whereas,  The  Indiana  Academy  of  Science,  a  cliartered     ^ 

Preamble, 
scientific  association,   has  embodied    in    its    constitution    a 

provision  that  it  will,  upon  tlie  request  of  the  Governor,  or  of  the  several 

departments  of  the  State  government,  through  the  Governor,  and  through 

its  council  as  an  advisory  lK)dy,  assist  in  tlie  direction  and  execution  of 

any   investigation   witliin   its  province,   without    i>ecimiary    gain    to    tlie 

Academy,  provided  only  that  the  necessary  expenses  of  such  investigation 

are  borne  by  the  State;  and. 

Whereas,  The  reiwrts  of  the  meetings  of  said  Academy,  with  the 
several  papers  read  before  it,  liave  very  great  educational,  industrial  and 
economic  value,  and  should  be  preserved  in  permanent  form;  and 

Whereas,  The  Constitution  of  the  State  makes  it  the  duty  of  the 
General  Assembly. to  encourage  by  all  suitable  means  intellectual,  scien- 
tific and  agricultural  improvement ;  therefore. 

Section  1.    Be  it  enacted  hy  the  Oeneral  Assembly  of  the    p  wi-    41       f 
State  of  Indiana,  That  hereafter  the  annual  reports  of  the    the  Reports  of 
meetings  of  the  Indiana  Academy  of  Science,  beginning  with    Ae*ademy°  f 
the  report  for  the  year  18IH,  including  all  pai)ers  of  scientific    Science, 
or  economic  value,  presented  at  such  meetings,  after  they  shall  have  been 
edited  and  prepared  for  publication  as  hereinafter  provided,  shall  be  pub 
lished  by  and  under  the  direction  of  the  Commissioners  of  Public  Printing 
and  Binding. 

Sec.  2.    Said  reports  shall  be  edited  and  prepared  for 

publication   without  expense   to   the   State,   by   a    corps  of    Editing 

Reports, 
editors  to  be  selected  and  appointed  by  the  Indiana  Acad- 
emy of  Science,  who  shall  not,  by  reason  of  such  services,  have  any  claim 
against  the  State  for  comi)ensation.    The  form,  style  of  binding,  paper, 

typography  and  manner  and  extent  of  illustration  of  such  re- 

_..        i_    .1  .       ..  Number  of 

ports,  shall  be  determined  by  the  editors,  subject  to  the  ap-    printed 

proval  of  tlie  Commissioners  of  Public  Printing  and  Station-    Keporta. 
ery.    Not  less  than  1,500  nor  more  than    3,000   copies   of    each    of   said 
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reports  shall  bo  ])ul>lishcHl,  the  size  of  the  edltlou  within  said  limits  to 
be  deteruiiiuHl  by  the  (HMiturreiit  action  of  the  editors  and  the  Commis- 
sioners of   Pul)lie    Printing:  and   Stationery :     Provided,    i  hat   not   to   ex- 

c*e<Hl  six  hundrcHl  dollars   (*r.OO)   shall  l»e  expended  for  such 
roviso.  publication  in  any  one  year,  and  not  to  extend  l>i»yond  1890: 

Provided^  That  no  sums  sliall  be  deemed  to  l)e  appropriated  for  th<»  year 
1804. 

Sec.  :>.     All  excei)t  thri»e  hundred  copies  of  each  volume 

Disposition  ^^f  „^,^]  rei)orts  shall  l»e  placet!  in  the  custody  of  the  State 
of  Reports. 

lifbrarian,  who  shall  furnish  one  copy  thereof  to  each  i)ub- 

lie  library   in  the  State,  <m.e  coi)y   to  each  university,  college  or  normal 

school  in  the*  State,  one  <*opy  to  each  high  s(;hool  in  the  State  having  a 

library,  which  shall  make  application  therefor,  and  one  copy  to  such  other 

institutions,   s(H*ieties  or  persons  as  may  Ik?  designatwl  by  the  AradtMny 

through   its  editors  or  its  <'ouncil.     The   remaining  thr(»e   humlred   coi)i(»s 

shall  l)e  turned  over  to  the  Academy  to  l»e  disposed  of  as  it  may  determine. 

In  order  to  provide  for  the  [irescrvjition  of  the  same  it  shall  be  the  duty 

of  the  Custodian  of  tlu»  State  Kouse  to  provide  and  i)lace  at  the  disposal 

of  the  Academy  one  of  the  unoccuiuiMl  rooms  of  the  State  House,  to  be 

designated  as  the  office  of  the  Indiana  Academy  of  Science,  wherein  said 

copies  of  said  rei»orts  In^longing  to  tlie  Academy,  together  witli  the  original 

nninuscripts,  drawings,  etc.,  thereof  can  be  safely  kc»pt,  and  he  shall  also 

e<iuip  the  same  with  the  ne<.'essary  shelving  and  furniture. 

Sec.  4.     An  emergency   Is  hereby  de«*lared  to  exist  for 

the  hnmediate  tiiklng  effect  of  this  act,  and  It  shall  therefore 

take  effect  and  l>c  in  force  from  and  after  its  passage. 


AN    ACr    FOR    THE    PROTECTION    OF    BIRDS,    THEIR    NESTS 

AND  EGGS. 

[Indiana  Acts  1905.] 

Section  fi(»2.  It  shall  l)e  unlawful  for  any  i)erson  to 
kill,  trap  or  i)osses.M  any  wild  bird,  or  to  pureliase  or  offer 
the  same  for  sale,  or  to  dostroy  the  nests  or  the  eggs  of  any  wild  bird 
except  as  otherwise  provided  in  this  section.  But  this  section  shall  not 
apply  to  the  following  named  same  birds:  The  Anatidie,  conunonly  called 
«wan*»,  geese,  brant  river  and  sea  duck:  the  Ralildjii,  conunonly  known 
as  rails,  coots,  mudheus,  and  gallinules;  the  Limicobi?.  conunonly  known  as 
shore  birds,  plovers,  surf  birds,  snip(\  w(M>dc(K*k,  sand[)lpers,  tattlers  and 
curlews;  nor  to  English  or  EuroiH»nn  house  sparrows,  crows,  hawks,  or 
other  birds  of  prey.  Nor  shall  this  section  ai)ply  to  any  person  taking 
birds  or  their  nests  or  (»ggs  for  scientlflc  purpos(*s  under  iwrnilt,  as  pro- 
vided in  the  next  sei-tion.  Any  person  violating  the  provisions  of  this 
section  shall,  upon  conviction,  be  fined  not  less  than  ten  dollars  nor  more 
than  fifty  dollars. 

Sr.c.  (UKJ.  Permits  juay  be  granted  by  the  Conunlssloner  of  Fisheries 
and  Game  to  any  properly  accredited  person,  permitting  the  holder  there- 
of to  eollwt  birds,  their  nest<  or  esrgs  for  strictly  scientific  purposes.  In 
order  to  ol>tiiln  sucli  permit  the  applicant  for  the  same  must  present  to 
said  Commissioner  written  testimonials  from  two  well-known  s(Mentlflc 
men  certifying  to  the  good  cliaracter  and  fitness  of  said  applicant  to  be 
entrusted  with  such  prlvlU^ge,  and  pay  to  said  Board  one  dollar  therefor, 
and  file  with  him  a  properly  executed  l>ond  In  tlie  sum  of  two  hundred 
dollars,  payable  to  the  State  of  Indiana,  conditioned  that  he  will  obey  the 
terms  of  such  iHTmit,  and  signed  by  at  least  two  resiwnsible  citizens  of 
the  State  as  sureties.  The  bond  may  be  forfeited  and  the  i)ermlt  revoked 
uiion  proof  to  the  satisfaction  of  such  Commissioner  that  the  holder  of 
such  i)ennlt  has  killed  any  bird  or  taken  the  nests  or  eggs  of  any  bird 
for  any  other  purpose  tiian  that  named  in  this  swtlon. 
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CONSTITUTION. 


ARTICLE  I. 

Section  1.  This  as80<-iation  shall  Im)  called  the  Indiana  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academy  shall  lye  scientific  research  and 
the  diffusion  of  knowledge  concerning  the  various  departments  of  science, 
to  i)roniote  intercourse  between  men  engaged  in  scieiitifl:^  work,  especially 
in  Indiana:  to  assist  by  investigation  and  di8<?ussion  in  developing  and 
making  known  the  material,  educational  and  other  resources  and  riches 
of  the  State:  to  arrange  and  prei>are  for  publication  such  reports  of  inves- 
tigation and  discussions  as  may  further  the  aims  and  objects  of  the  Acad- 
emy as  set  forth  in  th(»se  articles. 

Whereas.  The  State  has  undertaken  the  publication  of  such  proceed- 
ings, the  Academy  will,  uiM)n  re<|uest  of  the  (Governor,  or  of  one  of  the 
several  departments  of  the  State,  through  _ the  Governor,  act  through  its 
council  as  an  advisory  body  in  the  dire<:tlon  and  execution  of  any  investi- 
gation within  its  province  as  stated.  The  necessary  ex[)enstM«  incurred  in 
the  prosef*ution  of  such  investigation  are  to  be  borne  by  the  State;  no 
IHK'uniary  gain  is  to  <'C)me  to  the  Academy  for  Its  advice  or  direction  of 
such  Investigation. 

The  regular  procreedings  of  the  A<'ademy  as  publishe<1  by  the  State  shall 
l»ecome  a  public  document. 

ARTICLE  II. 

Seciion  1.  Members  of  this  Academy  shall  In?  honorary  fellows,  fel- 
lows, non-resident  members  or  active  memlx^rs. 

Sec.  2.  Any  i)erson  engaged  in  any  department  of  scientific  work,  or 
in  original  research  In  any  department  of  science,  shall  be  eligible  to  active 
membership.  Active  meml)ers  may  be  annual  or  life  members.  Annual 
members  may  be  elected  at  any  meeting  of  the  Academy;  they  shall  sign 
the  constitution,  pay  an  admission  fee  of  two  dollars,  and  thereafter  an 
annual  fee  of  one  dollar.    Any  person  who  shall  at  one  time  contribute 
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fifty  dollars  to  the  funds  of  this  Academy  may  be  elected  a  life  member  of 
the  Academy,  free  of  assessment.  Non-resident  members  may  be  elected 
from  those  who  have  been  active  members  but  who  have  removed  from  the 
State.  In  any  case,  a  tliree-fourths  vote  of  the  members  present  shall  elect 
to  membership.  Applications  for  membership  in  any  of  the  foregoing 
classes  shall  be  referred  to  a  committee  on  application  for  membership, 
who  shall  consider  such  application  and  report  to  the  Academy  before  the 
election. 

Sec.  3.  The  members  who  are  activel.v  engaged  in  scientific  work, 
who  have  recognized  standing  as  scientific  men,  and  who  have  been  mem- 
bers of  the  Academy  at  least  one  year,  may  be  recommended  for  nomina- 
tion for  election  as  fellows  by  three  fellows  or  members  personally  ac- 
quainted with  their  work  and  character.  Of  members  so  nominated  a 
number  not  exceeding  five  in  one  year  may,  on  recommendation  of  tlie 
Executive  Committee,  be  elected  ns  fellows.  At  the  meeting  at  which  this 
is  adopted,  the  membei's  of  the  Executive  Coumiittee  for  1894  and  fifteen 
others  shall  be  elected  fellows,  and  those  now  honorary  members  shall  be- 
come honorary  fellows.  Honorary  fellows  may  be  elected  on  account  of 
special  prominenctj  in  science,  on  the  written  recommendatiim  of  two  mem- 
bers of  the  Academy.  In  any  case  a  three-fourths  vote  of  the  members 
present  shall  elect 

AKTICLE  III. 

Section  1.  The  ofllcers  of  this  Academy  shall  be  chosen  by  ballot  at 
the  annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist  of  a 
President  Vice-President,  Secretary,  Assistant  Secretary,  Press  Secretary 
and  Treasurer,  who  shall  perform  the  duties  usually  pertaining  to  tucir 
respective  orilces,  and  in  addition,  with  the  ox-Presidents  of  the  Academy, 
shall  constitute  an  Executive  Conuuittee.  The  President  shall,  at  each 
annual  meeting,  appoint  two  menil)ers  to  be  a  committee,  which  shall  pre- 
pare the  programs  and  have  charge  of  the  arrangements  for  all  meetings 
for  one  year. 

Skc.  2.    Tlio  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis  within  the  week  following  Christmas  of  eacli  year,  unless 
otherwise  ordered  by  the  Executive  Committee.    There  sanll  also  be  a  sum 
mer  meeting  at  such  time  and  place  as  may  be  decided  upon  by  the  Excmu- 
tlve  Committee.    Other  meetings  may  be  called  at  tlio  dis<  retion  of  the  Ex- 
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ecutive  Committee.  The  past  Presidents,  together  with  the  officers  and  Ex- 
ecutive Committee,  shall  constitute  the  Council  of  the  Academy,  and  repre- 
sent it  in  the  transaction  of  any  necessjiry  business  not  especially  provided 
for  in  this  constitution,  in  the  interim  between  general  meetings. 

Sec.  3.  This  constitution  ^nay  he  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  the  attending  members  of  at  least 
one  year's  standing.  No  question  of  amendment  shall  be  decided  on  the 
day  of  its  presentation. 


BY-LAWS. 


1.  On  motion,  any  special  department  of  science  shall  be  assigned  to 
a  curator,  whose  duty  it  shall  be,  witli  the  assistance  of  the  other  members' 
interested  In  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  reports  shall  include  a  brief 
summary  of  the  progress  of  the  department  during  the  year  preceding  the 
presentation  of  the  reiwrt 

2.  The  President  shall  deliver  a  public  address  on  the  morning  of 
one  of  the  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

3.  The  Press  Secretary  shall  attend  to  the  securing  of  proper  news- 
paper reports  of  the  meetings  and  assist  the  Secretary. 

4.  No  special  meeting  of  the  Academy  shall  be  held  witliout  a  notice 
of  the  same  having  been  sent  to  the  address  of  each  member  at  least  fifteen 
days  before  such  meeting. 

5.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed 
by  the  I^resldent  and  countersigned  by  the  Secretary. 

G.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two 
years,  having  been  annually  notified  of  their  arrearage  by  tlie  Treasurer, 
shall  have  their  names  stricken  from  the  roll. 

7.  Ten  memlKM's  shall  constitute  a  (inorum  for  the  transaction  of 
business. 
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MEMBERS. 


FELLO  W^, 

11.  J.  Aley *1898 Hlooniington. 

J.  C.  Arthur 1893 Lafayette. 

J.  W.  Hecile 1006 Bloomington 

George  W.  lienton 1896 Indianapolis. 

A.  J.  Bigney 1897 MOore's  Hill. 

Kathcrine  (Jolden  Bitting 1895 Lafayette. 

Donaldson  Bodine 1899 Crawfordsville. 

VV.  S.  Biatchley 1893 Indianapolis. 

H.  L.  Briiner 1899 Irvington. 

Severance  Barrage 1898 Lafayette. 

A.  W.  Butler 1893 Indianapolis. 

W.  A.  Cogshall 1906 Bloomington. 

Mel.  T.  Cook 1902 Santiago,  Cuba. 

John  M.  Coulter 1893 Chicago,  111. 

Stanley  Coulter 1893 Lafayette. 

Glenn  Culbertson 1899 Hanover. 

E.  R.  Cuinhigs 1906 Bloomington. 

D.  W.  Dennis 1895 Richmond. 

C.  R.  Drver 1897 Terre  Haute. 

C.  H.  Eigenmann 1893 Bloomington. 

Percy  Norton  Evans 1901 West  Lafayette. 

\.  L.  Foley 1897 liloomington. 

M.  J.  (Jolden 1899 Lafayett<^. 

W.  V.  M.  (Jo.s.s 1893 Crbana,  III. 

Thomas  Gray 1893 Terre  Haute. 

A.  S.  Hatha  .vay 1895 Terre  Haute.  . 

W.  K.  Hatl 1902 Lafayette. 

Robert  IIes.sler 1899 Logansport. 

H.  A.  Huston 1893 Lafayette. 

Edwin  S.  Jolionnalt 1904 Terre  Haut^?. 

Robert  E.  Lyons 1896 Bloomington. 

W.  A.  .McBeth 1904 Terre  Haute. 


'■'Date  of  electiun. 
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V.  F.  Mareters *1893 Bloomington. 

C.  L.  Mees 1894 Terre  Haut<?. 

J.  A.  Miller 1904 Bloomington. 

W.  J.  Moenkhaus 1901 Bloomington. 

D.  M.  Mottier 1893 Bloomington. 

J.  P,  Naylor 1903 Grccncastle. 

W.  A.  Noyes 1893 Washington,  D.  C. 

RoUa  R.  Ramsey 1906 Bloomington. 

J.  H.  Ransom 1902 Lafayette. 

L.  J.  Rettger 189(5 Terre  Haute. 

David  Rothrock 1906 Bloomington. 

J.  T.  Scovell 1894 Terre  Iliiute. 

Alex  Smith 1893 Cliicago,  111. 

W.  E.  Stone 1893 Uifayette. 

Joseph  Swain 1898 S\varthmon\  Pa. 

M.  B.  Thomas 1893 OawfonUville. 

0.  A.  Wahio 1893 Lafavette. 

F.  M.  Webster 1894 Champaign,  III. 

Jacob  Westlund 1904 I^fayette. 

H.  W.  WUey 1895 Washington,  I).  C. 

John  S.  Wright 1894 Indianapolis. 

^Date  of  election. 

NOX-KESIDENT  MEM/iEKS. 

George  H.  Asliley Charleston,  S.  C. 

M.  A.  Brannon (Jrand  Forks,  N.  D. 

J.  C  Branner Stanford  University,  Cal. 

D.  H.  Campbell Stanford  University,  Cal. 

A.  Wilmer  Duff Worcester,  Mass. 

B.  W.  Everman Washington,  D.  C. 

Charles  H.  Gilbert Stanford  Universitv,  Cal. 

C.  W.  Green Columbia,  Mo. 

C.  W.  Hargitt Syracuse.  N.  Y. 

O.  P.  Hay ^  .  .  .  .  New  York  CHty. 

Edward  Hughes Stockton,  C^al. 

O.  P.  Jenkins Stanford  University,  Cal. 

D.  S.  Jordan Stanford  University,  Cal. 
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J.  S.  Kingsley Tufts  College,  Mass. 

D.  T.  MacDougal Bronx  Park,  New  York  City 

T.  C.  Mendenliall Worcester,  Mass. 

Alfred  Springer Cincinnati,  Ohio. 

L.  M.  Undem'ood New  York  City. 

Robert  B.  Warder. Washington,  D.  C. 

Bmest  Walker Clemson  College,  S.  C. 


ACTIVE  MEMBERS, 

George  Abbott Indianapolis. 

Edwanl  Hugh  Bangs Indianapolis. 

Walter  D.  Baker Indianapolis. 

Harry  Eldridge  Bishop Indianapolis. 

William  N.  Blanchard Greencastle. 

Lester  Black 

Lee  F.  Bennett Valparaiso. 

Charles  S.  Bond Richmond. 

Fred  J.  Breeze Remington. 

E.  M.  Bruce Terre  Haute. 

Lewis  (linton  Carson. Detroit,  Mich. 

Herman  S.  Chamberlain Indianapolis. 

E.  J.  Chansler Bicknell. 

Otto  O.  Clayton Geneva. 

Howard  W.  Clark Chicago,  111. 

H.  M.  Clem Monroeville. 

Charles  Clickener Silvemood,  R.  D.  No.  I 

Charles  A.  CofiFey Petersburg. 

Ulysses  O.  Cox Terre  Haute. 

WUliam  Clifford  Cox Columbus. 

J.  A.  Cragwall Crawfonlsvillc 

M.  E.  Cro.vell Franklin. 

Lo-{»nzo  E.  Daniels Laporte. 

S.  C.  Davisson Bloomington. 

Charles  C.  Deam Bluffton. 

Mirtha  Doan Westfield. 

J.  P.  Dolan Syracuse. 
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Herman  B.  Dorner Lafayette. 

Hans  Duden Indianapolis. 

Arthur  E.  Dunn Logansport. 

Herbert  A.  Dunn Logansport. 

Max  Mapes  Ellis Vincennes. 

M.  N.  Elrod Columbus. 

Samuel  G.  Evans Evansville. 

William  P.  Felver Logansport. 

Wilbur  A.  Fiske Richmond. 

W.  B.  Fletcher Indianapolis. 

Austin  Funk Jeffersonville. 

John  D.  Gabel Montpelier. 

Andrew  W.  Gamble Logansport. 

H.  O.  Garman Lafayette. 

Charles  W.  Garrett Pittsburg,  Pa. 

Robert  G.  Gillum Terre  Haute. 

Vernon  Gould Rochester. 

Frank  Cook  Greene New  Albany 

Walter  L.  Hahn Mitchell. 

Mary  T.  Hannan Odon. 

Victor  Hendricks St.  Louis. 

John  P.  Hetherington Logansport.. 

(■.  E.  Hiatt Hloomington. 

John  E.  Higdon Indianapolis. 

Frank  R.  Higgins Terre  Haute. 

S.  liella  Hilands Madison. 

John  J.  Hildebrandt Logansport. 

G.  E.  Hoffman Logansport. 

Allen  D.  Hole Richmond. 

Lucius  M.  Hubbard South  Bend. 

John  N.  Hurty Indianapolis. 

G.  F.  Jackson Greencastle. 

Wm.  J.  Jones.  Jr West  Lafayette. 

O.  L.  Kelso Terre  Haute. 

Frank  D.  Kern Lafayette. 

Charles  T.  Knipp Urbana,  III. 

R.  W.  McBride Indianapolis. 

Richard  C.  McClaskey Terre  Haute. 

2— A.  OP  SCIBKCE. 
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N.  E.  Mclndob Lyons. 

Lynn  B.  McMullen Indianapolis. 

Edward  G.  Mahin West  Lafayetto. 

James  E.  Manchester Vincennes. 

Wilfred  H.  Manwaring Bloomington. 

William  Edgar  Mason Borden. 

aark  Mick Berkley,  Cal. 

G.  Rudolph  Miller Indianapolis. 

Richard  Bishop  Moore Indianapolis. 

Fred  Mutchler Terre  Haut^. 

Charles  E.  Newlin Irvington. 

John  F.  Newsom Stanford  University,  Cal. 

D.  A.  Owen Franklin. 

Rollo  J.  Peirce Indianapolis. 

Ralph  B.  Polk Greenwood. 

James  A.  Price Ft.  Wayne. 

A.  H.  Purdue Fayetteville,  Ark. 

Albert  B.  Reagan Mora,  Wasli. 

Allen  J.  Reynolds Emporia,  Kansas. 

Giles  E.  Ripley Decorah,  Iowa. 

George  L.  Roberts Muncie. 

E.  A.  Schultze Ft.  Wayne. 

Will  Scott Bloomington. 

Charles  Wm.  Shannon Bloomington. 

Fred  Sillery Indianapolis. 

J.  R.  Slonaker Madison,  Wis. 

Albert  Smith Lafayette. 

Essie  Alma  Smith Bloomington. 

C.  Piper  Smith Pacific  Grove,  Cal. 

J.  M.  Stoddard Indianapolis. 

Albert  W.  Thompson Owensville. 

W.  B.  Van  Gorder Worthington. 

H.  S.  Voorhces Ft.  Wayne. 

Frank  B.  Wade Indianapolis 

Daniel  T.  Weir Indianapolis. 

Guy  West  Wilson Bronx  Park,  N.  Y. 

William  Watson  Woollen Indianapolis. 

Herbert  Milton  Woolen Indianapolis. 
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J.  F.  Woolsey Indianapolis. 

Wm.  J.  Young Hyattfiville,  Md. 

Lucy  Youse Terro  Haute. 

Charles  Zeleny Bloomington. 

Fellows 63 

Non-resident  members 20 

Active  members 107 

Total 180 

NoTB.— For  list  oi'  Foreign  Correnpon dents,  see  Proceedingrs  of  1904. 
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PROGRAM 

OP  THE 

TWENTY^SECOND  ANNUAL  MEETING, 

INDIANAPOLIS.  INDIANA. 
Held  in  Shortridge  Fligh  School  Building,  November  30  and  December  1,  1906. 


^President's  Address— The  Evolution  of  Medicine  in  Indiana Robtrt  Hessler 

GENKRAL. 

•1.  A  State  Natural  Parle,  5m Fred  J.  Breexe 

*2.  Some  Results  from  the  Study  of  Life  Insurance  Problems,  10m C.  H.  Beckett 

3.  The  Sex  RaUo  in  the  Fruit  Fly  and  its  Control  by  Selection,  lOm W.  J.  Moenkhaus 

4  An  Outline  of  the  (bourse  in  the  Experimental  Engineering  Laboratory  of  Purdue  Univer- 
sity, 10m W.  0.  Teague 

•5.  The  United  Sutes  Geological  Survey H.  M.  Wilson.  Chief  Geographer 

•8.  Drainage  Area  of  the  East  Fork  of  White  River,  10m G.  W.  Shannon 

•/.  Steps  in  the  Development  of  a  Smokeless  City W.  F.  M.  Gcss 

•8.  Experimental  Studies  of  Reinforced  Concrete,  7m W.  K.  liutt 

*J.  Reclamatfon  PossibiliUes  of  the  Great  Plains,  30m J.  W.  Heede 

*10.  How  the  Body  Fights  Disease,  ISm W.  H.  Manwaring 

11.  The  State  Production  and  Control  of  Vaccines  and  Antitoxinea,  i5m L.  W.  Famulcncr 

*I2.  Recurrence  of  Uroglena  in  the  Lafayette  City  Water  Supply,  5m Severance  Burrage 

*13.  Laboratory  Tests  on  certain  Liquid  Dentifrices  and  Mouth-washes,  15m Severance  Burrage 

*14.  A  Critical  Study  of  Methods  of  Sweeping  Rooms  and  Wards  in  Hospitals,  10m Severance  Burrage 

^*rhe  program  committee  suggests  that  papers  6  to  9  inclusive  be  heard  at  the  Friday  evening  meeting  and 
that  the  Academy  invite  its  friends. 

MATHEMATICS. 

*15.  On  the  Reduction  of  Partial  Differential  Equations  of  the  Fourth  Order,  10m Charies  Haseman 

16.  The  Determination  of  a  Certain  Family  of  Surfaces,  lOni Wm.  H.  Bates 

•17.  Concerning  Differential  Invariants,  10m D.  A.  Rothrock 

•18.  Conjugate  Functions  and  Canonical  Transformations,  10m D.  A.  Rothrock 

19.  On  the  Formub  for  the  Area  of  a  Curve  in  Polar  Coordinantes,  lOni Jacob  Wcstlund 

20.  A  Group  of  Scrolls  Connected  with  a  Steam  Locomotive.  lOni C.  A.  Waldo 

CHEMISTRY. 

•21.  Notes  on  Salt  Lime,  10m F.  B.  Wade 

*72,  Sugar  and  Sourness,  10m P.  N.  Evans 

♦23.  A  Simple  Method  of  Measuring  Hydrolysis,  10m G  A.  Abbott 

•24.  The  Ionization  of  the  Successive  Hydrogens  of  Orthophosphoric  Acid,  10m (J.  \.  Abbott 

25.  Thiocarbonylsalicylamide  and  Derivatives,  5m R.  E.  Lyons  and  Elizabeth  Shirley 

28.  Some  Complex  Ureids,  5m R.  E.  Lyons  and  James  Currie 

27.  A  Volumetic  Method  for  the  Estimation  of  Selenic  Acid,  5m R.  E.  Lyons  and  C.  (.i.  Carpenter 

•28.  The  Solubility  of  Uranium  X  in  Ammonium  Carbonate  and  the  Variations  in  the  Activity  of 

Some  Uranium  Compounds,  10m R.  B.  Moore  and  Herman  Schlundt 

•29.  The  Separation  of  Iron  and  Manganese  by  means  of  Pyridine,  5m R.  B.  Moore  and  Ivy  Miller 
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PHYSICS 


30.    The  Hftll  Effect  in  "Henalcf"  AOoy,  lOm D.  H.  Weir 

*31.    The  Distribution  of  Stress  In  a  Riveted  Joint,  15m Albert  Smith 

32.  Coefficient  of  Expansion  of  Brick,  10m C.  V.  Seastooe 

33.  Measurement  of  Water  by  Means  of  a  Vertical  Jet,  5m C.  V.  Seastone 

*3i.    Mathematical  Principles  Applied  in  Earthwork  Construction,  lOm J.  Garman 

35.    Strength  of  Blaterials  Under  Combined  Stresses,  5m E.  L.  Hancock 

38.    Lines  on  a  Pseudosphere  and  Syntractrix  of  Revolution,  5m E.  L.  Hancock 

37.  E^tic  Changes  \n  Steel  due  to  Overstrain,  10m .- E.  L.  Hancock 

38.  Waterproofing  Mixtures  for  Concrete,  5m W.  K.  Hatt 

•39.    Contributions  to  Knowledge  of  Vehicle  Woods,  10m W.  K.  Hatt 

39a.  The  X  Ray,  10m 0.  P.  Hethertogton 

*^b.  On  Certain  Demonstration  Apparatus  for  Alternating  Currents,  10m C.  P.  Mathews 

BOTANY. 

*40.  Notes  upon  the  Rate  of  Tree  Growth  in  Glacial  Soils  of  Northern  Indiana,  15m Stanley  Coulter 

41.  The  Mlchillinda  (Michigan)  Sand  Dunes  and  their  Flora,  10m Stanley  Coulter 

•42.  A  List  of  .\lgae,  10m Frank  M.  Andrews 

•43.  Some  Monstrosities  in  Plants,  10m Frank  M.  Andrews 

44.  How  Plant  Rusts  Live  over  Winter,  10m J.  C.  Arthur 

•45.  Parasitic  Plant  Diseases  Reported  for  Indiana,  10m Frank  D.  Kern 

•46.  Notefl  on  Occurrence  of  Sclerotlnia  f ructigena,  10m Frank  D.  Kern 

47.  Additions  to  the  Indiana  Flora  No.  3,  3m Chas.  C.  Deam 

48.  The  Hymenomycetes  of  Indiana,  10m Donald  Reddick 

49.  Comparison  of  Primary  and  Seamdary  Structures  of  Some  Woods,  15m Katherine  Cfolden  Bitting 

ZOOLOGY. 

50.  The  Lummi  Indians,  10m Albert  B.  Reagan 

51.  The  Mammals  and  Reptiles  of  the  Rosebud  Indian  Agency,  10m Albert  B.  Reagan 

•52.    A  Crow  Roost  near  Remington,  Indiana,  5m Fred  J.  Breexe 

53.  Fauna  of  the  Grand  Summit  .Section  of  Kansas  and  Remarks  on  the  Development  of  Derbya 

Multistriata,  Meek  and  Hayden,  15m F.  C.  Greene 

54.  The  Mammalian  Remains  of  the  Donaldson  Cave,  10m Walter  L.  Hahn 

55.  Birds  of  Northwestern  Indiana,  10m Henry  Link 

♦56.    Notes  on  Indiana  Birds,  10m A.  W.  Butler 

57.    Some  Internal  Factors  Controlling  the  Rate  of  Regeneration,  10m Charies  Zelcny 

•58.    The  Reactions  of  the  Blind  Fish,  Amblyopsis  spelaens,  to  Light.  10m Ferd  Payne 

•59.    Observations  on  the  Formation  and  Enlargement  of  the  Tube  of  the  Marine  Annelid,  Chaet- 

opterus  variopedatus,  10m H.  E.  Enders 

•60.     Notes  on  the  Artificial  Fertilization  of  the  Eggs  of  the  common  Clara,  Venus  mercenaria,  5m. .  H.  E.  Enders 
•61.    Some  Observations  on  Ferment-artivity  in  Unfertilised  and  Fertilized  Eggs  of  Sea  Urchins 

and  Star  Fish.  15m 0.  P.  Terry 

62.    Blood  Pressure  in  Man,  10m G.  E.  Hoffman 

•62a.  The  Sense  of  Sight  in  Spiders,  15m Alexander  Petninkevitch 

GEOLOGY. 

*63.     Evidence  of  a  Loral  Uncomformity  of  Considerable  Extent  in  the  Pennsylvanian  Rocks  of 

Southern  Indiana,  15m A.  W.  Thompson 

64.     Summary  of  Glacial  Literature  Relating  to  Glacial  Deposit,  10m Albert  B.  Reagan 


•Papers  marked  with  a  star  were  read. 
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THE  TWENTY-SECOND  ANNUAL  MEETING  OF  THE 
INDIANA  ACADEMY  OF  SCIENCE. 


The  twenty-second  annual  meeting  of  the  Indiana  Academy  of  Science 
was  held  In  lndlanai>olis,  Thursday,  Friday  and  Saturday,  Noveml>er  29, 
30,  and  December  1,  190(). 

Thursday,  at  G  p.  m..  twenty  members  of  the  Academy  dined  together 
at  tlie  Clayix)ol  Hotel.  Following  the  dinner  the  Executive  Committee 
met  in  regular  session  at  the  hotel  headquarters. 

President  Robert  Hessler  called  the  Academy  to  order  at  9:30  Friday 
morning,  in  the  teachers'  assembly  room  at  Shortridge  High  School.  The 
transaction  of  business  and  the  reading  of  pajwrs  occupied  the  attention 
of  the  Academy  until  11  a.  m.,  when  Dr.  Hossler  read  his  paper  entitled: 
"The  Evolution  of  Medicine  in  Indiana." 

Following  this  address  came  an  adjournment  until  2  p.  m..  when  other 
par>er8  came  ui)  for  reading  and  discussion.  At  night  pai)ers  of  general 
interest  were  read  and  the  friends  of  the  Academy  were  invited  to  be 
present.  On  Saturday  morning  all  unsettled  business  was  cared  for  and 
the  remainder  of  the  papers  were  heard,  when  the  Academy  adjourned. 
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THE  SPUING  MREIMNO  OF  190(i. 

The  spring  meetnig  of  190^  was  hold  in  New  Harmony,  Indiana,  May 
25  and  20. 

The  parly  reached  New  Harmony  Friday  afternoon,  and  In  the  even- 
ing was  entertained  at  a  meeting  planned  by  the  residents.  Frank  Owen 
Fitton  presided  at  this  meeting,  and  talks  were  made  by  Miss  Carrie  Pel- 
ham,  on  "The  Connnunity  Life  of  New  Harmony."  and  the  Rev.  William 
DuIIamel  on  "The  Scientilic  History  of  New  Harmony. ' 

Saturday  was  si>ent  in  exploring  the  town  and  its  snrromidings. 
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PRESIDENT'S  ADDRESS. 


The  Evolution  of  Medicinb  in  Indiana. 


RoBEBT  IIessu<:r»  a.  M.,  M.  D. 


Ou  looking  over  tlie  addresBCs  of  our  past  Presidents,  I  observe  that 
they  have  usually  dwelt  upon  sul)Jt»c*ts  in  which  they  were  especially  in- 
terested, and  I  feel  it  hut  natural  that  I  should  do  likewise. 

In  addressing  you  I  am  not  unmindful  of  the  fact  that  the  i)eople  as 
a  whole  are  behind  you,  are  In  a  measure  rei)resented  'by  you  as  leaders 
in  Hcrlentitic  thought  and  that  a  dis<'ourse  should  be  shai)ed  accordingly. 
All  that  I  should  like  to  say  would  require  much  time;  what  1  can  say 
in  tlie  brief  time  allotted  must  he  suggestive  rather  than  a  full  and  exact 
statement  of  scientific  facts  and  deductions. 

The  8ubje<?t  is  a  vast  one,  but  I  shall  consider  it  briefly  from  tliree 
staudiK)ints :  First,  the  evolution  of  the  medical  student  and  the  coming 
of  the  medical  man  into  our  State;  second,  the  evolution  of  diseases  and 
the  coming  in  of  new  diseases,  or,  rather,  the  introduction  of  old  diseases 
into  a  new  locality;  and  lastly,  the  changes  in  methods  of  the  treatment 
of  diseases. 

Art  precedes  science  everywhere.  Plants  were  used  and  cultivated 
before  there  was  a  science  of  botany ;  many  of  the  i)rocesse8  underlying 
chemistry  were  known  before  there  was  a  science  of  chemistry.  Likewise 
the  sick  were  treated  before  there  was  a  science  of  medicine.  There  are 
not  wanting  those  who  deny  tliat  there  is  a  science  of  medi(*ine  and  who 
assert  that  it  is  simply  an  art  based  on  many  sciences — on  anatomy,  bac- 
teriology, chemistry,  and  so  on  through  the  alphabet,  but  the  preyailing 
view  is  that  there  is  a  science  of  medicine.  Whichever  view  we  adopt 
must  lead  to  the  conclusion  tliat  the  greater  a  man's  knowledge  of  science, 
the  better  a  practitioner  he  will  likely  be,  other  things  being  equal. 
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What  Is  the  reason,  1  have  been  asked,  so  few  of  the  Indiana  physicians 
are  meml)ers  of  the  Indiana  Academy  of  Science?  If  physicians  are  scien- 
tific men,  why  are  so  few  members  of  the  Academy?  My  usual  reply  is 
that  our  physicians  are  so  busy  fighting  disease  and  giving  relief  to  the 
sick  that  they  have  no  time — such  a  reply  satisfies  many  and  places  the 
doctors  in  a  good  light  But  such  a  reply  does  not  quite  fit  in  case  of  the 
question :  Why  are  so  many  doctors  not  members  of  a  progressive  medical 
society?  Or,  Why  do  so  few  contribute  to  the  scientific  medical  literature 
of  the  State?  Perhaps  a  brief  review  of  the  evolution  of  medicine  in  In- 
diana will  enable  us  to  draw  some  just  conclusions. 

As  sciences  do  not  si)ring  up  suddenly,  but  are  a  matter  of  slow  growth, 
so  likewise  the  accumulated  stock  of  knowledge  is  not  suddenly  transferred 
to  a  new  country;  it  takes  a  lons^  time  to  bring  it  in,  and  our  State  is  no 
exception. 

The  Primitive  Medicine  Man  :  The  primitive  medicine  man  was  the 
first  to  difl'erentiate  from  the  race;  when  all  hunted  and  fished,  he  alone 
stood  apart  and  in  the  course  of  time  separated  more  and  more.  As  knowl- 
edge was  brought  together,  there  was  a  further  differentiation,  sciences 
crystallized  out  and  pursued  liide|)ondent  courses — but  in  their  application 
are  always  of  benefit  to  man.  Where  the  early  medicine  man  held  all 
the  knowledge  of  hii5  race  or  tribe,  in  the  course  of  time  there  arose  a 
number  of  learned  men.  The  man  who  studied  the  stars  in  time  developed 
into  an  astrologer  and  later  on  into  an  astronomer,  just  as  the  herbalist 
developed  In  time  into  a  pharmacist  or  botanist.  (The  diagram  is  intended 
to  show  this  relationship  in  a  general  way.  The  survival  of  old  time  be- 
liefs and  methods  of  treating  diseases  being  represented  by  a  line  parallel 
to  the  development  of  the  race,  we  need  only  think  of  the  use  of  charms 
and  amulets,  of  faith-cures,  the  administration  of  nauseous  drugs,  and  so 
on,  to  gain  an  idea  of  how  much  still  survives.) 

Indian  Medicine  Man  :  The  native  Indian  medicine  man  l>elonged  to 
a  race  still  in  the  childhood  oC  civilization,  a  race  in  the  hunting  and  fishing 
stage,  and  his  beliefs  and  metho«ls  of  treating  disease  were  on  a  level  with 
such  a  stage ;  moreover  at  the  time  the  white  man  first  came  in,  the  Indians 
had  few  diseases  to  contend  with.  Contrary  to  the  popular  belief,  the 
modern  physician  can  learn  nothing  from  the  Indian  medicine  man,  though 
the  life  of  the  Indian  tan  tench  hi.n  !nany  things  i)ertaining  to  the  value 
of  simple  food,  pure  water  and  air,  with  out-of-door  exercise. 
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— Specialization     in    Medicine  —  eye,    throat,    stomach 
nerves,  etc. 

vSeparation  of  the  Surgeon  (Barber's  pole  a  survival  of 
early  limes.) 

Separation -of  Sanitarian.  ca   2*.  ^ 

o  ^  -^ 
Separation  of  Bacteriologist. 

Separation  of  Physiologist 

Separation  of  Anatomist. 

' — Oifterentiatiun  of  Alchemist,  developing  inia  the  Chem- 
ist 

Dif    of  Herbalist,  from   whom   developed  the  Pharmacist 
niul  B«.»tanisr 

iJif     of    the    Asiiologer.    ultimately    developing    into    the 
Asironomei . 

Dif  of  Chief  (survival  of  belief  in  the  King's  Touch  for 
scrofula  and  of  the  l)elief  in  the  Divine  Right  of 
Kings.) 

Dif    of  the  Priest.     (Survival  of  Faith  Cures  and  the  power 

of   prayer  in  arresting  epidemics.) 

Diflereiitiation  of  the  Primitive  Medicine  Man.  (Survival 
today  of  primitive  beliefs,  lu  charms,  amulels,incantatioD, 
nauseoMS  drugs,  etc.) 


Ml  men  alike 
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Early  Indiana  Piiisiciaxs:  Wlien  the  pioneer  came  to  our  territory 
iie  left  his  old  diseases  l^ehiud,  but  in  the  course  of  time  they  followed 
him,  and  he  had  to  make  the  best  of  it  Until  a  country  is  sufficiently 
settled  to  support  an  educated  physician,  none  (romes  in.  Men  were  in- 
fluenced then  by  the  same  motives  that  Influence  them  today.  No  well 
educated  physician  today  thinivs  of  settling  in  the  backwoods ;  but  as  soon 
as  a  settlement  is  made  and  a  village  arises,  some  venturesome  spirit  is 
apt  to  come  in.  As  a  matter  of  fact  the  first  Indiana  physicians  were  me.i 
connected  with  the  United  States  army  posts  along  the  Wabash  river,  little 
over  a  century  ago ;  unfortunately  they  loft  no  records  of  their  observations. 

I'hysicians  proper  began  to  come  in  during  the  first  decade  of  the  past 
centufy,  but  there  are  scarcely  any  medictal  records  prior  to  the  year  1820. 
The  early  physicians  led  a  strenuous  life:  there  were  no  roads  and  the 
sick  were  scattered  over  a  large  area  :  it  was  a  horseback  and  saddlebag 
life.  Few  had  time  or  inclination  to  write — to  the  few  who  did  write  we 
owe  all  our  knowledge  of  those  days.  Medical  books  then  were  few  and 
costly ;  a  man  with  one  book  in  ciwh  branch  of  medicine  was  indeed  a 
rarity.  Medical  journals  were  CKiually  rare,  and  the  fact  that  some  of 
the  early  Indiana  physicians  took  the  London  Lancet  speaks  volumes  for 
tlieir  learning  and  ambition. 

The  educated  physician  soon  had  apprentices;  that  is,  farmers'  sons, 
who  learned  the  rudiments  of  the  profession  and  then  l)egan  their  own 
work ;  few  went  to  a  medical  school.  For  a  long  time  there  were  only  two 
medical  schools  this  side  of  the  Alleghanles — at  I^xlngton,  Ky..  and  at 
Cincinnati — and  to  attend  these  meant  a  long  trip  over  roads  at  times 
almost  impassable.  At  first  there  were  simple  medical  laws,  but  these 
were  al)ollshed.  and  after  1.S43  the  field  was  open  to  all.  Just  as  bad 
money  drives  out  the  gix)d.  so  bad  physicians  drove  out  the  good,  or  pre- 
vented good  ones  from  coming  in.  and  for  a  long  time  medical  affairs  went 
backward.  Hut  we  must  not  forget  that  Indiana  retrograded  generally 
during  this  time.  In  18r»0  Indiana  was  the  eighth  State  in  point  of  number 
of  inhabitants,  but  ranked  twenty-third  in  illiteracy — lower  than  all  the 
slave  sDites  but  tlir(»e.  The  term  "IJoosicr"  was  a  term  of  reproach,  from 
whicli  our  physicians  did  not  escape,  and  sharp  criticism  was  passed  on 
some  of  our  civil  war  surgeons. 

Tlie  early  Indiana  physicians  had  few  kinds  of  diseases  to  contend 
with,  but  these  few  made  up  in  number  of  cases  for  the  lack  of  kind. 
Malaria    ravaged   frightful i}'   and   dominated   all    diseases.    The  standard 
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treatmeut  for  umlnrin,  as  for  most  other  diseases,  was  bleeding,  purging 
and  vouiiting,  antl  tlie  use  of  calomel,  whisky  and  bark,  the  latter  in  time 
displaced  by  ()uiuine. 

In  the  coiuTH^  of  time  the  pains  and  aches  of  civilization  came  in.  I 
have  heard  old  settlers  speak  of  them  as  "new-fangled  diseases,"  and 
there  came  also  a  revulsion  against  old  methods  of  treatment.  In  the 
al)sence  of  restraiiiing  medical  laws,  a  host  of  practitioners  soon  appeared: 
some  of  these  became  quite  skillful,  but  one  Is  reminded  of  the  story  of 
the  man  who  expressed  his  admiration  at  the  skill  of  the  oculist  who  had 
just  oiK»rated  on  him ;  the  o<*ulist  admitted  that  he  was  skilled,  adding, 
"But  I  spoiled  haif  a  bushel  of  eyes  in  learning  to  perform  that  oi)eratlon." 

Gradually  the  "Isms"  and  "pathii^s"  of  medicine  api)eared,  most  of 
them  a  protest  against  some  of  the  absurdities  of  the  old  practitioners. 
There  are  no  "Isms"  nor  '  pathies"  among  the  sciences  on  which  medicine 
rests — anatomy,  bacteriology',  chemistry,  and  so  on,  are  free  from  them: 
but  when  it  comes  to  theraj>eutics  or  treatment,  one-halt'  of  the  doctors 
think  the  other  half  wrong.  However  a  number  of  established  facts  are 
gradually  accumulating  and  in  the  course  of  time  there  will  be  a  science 
of  theraiK?utics,  in  which  serum  therapy  will,  no  doubt,  hold  a  prominent 
pl;ice,  and  many  of  the  drugs  of  today  only  n  minor  one. 

With  the  advance  of  civilization  a  number  of  well  defined  diseases 
tend  to  diminish,  but  with  a  massing  of  humanity  a  host  of  ills  tend  to 
increase.  There  are  any  number  of  affections  that  scarcely  rise  to  the 
dignity  of  a  disease.  Prescribing  becomes  largely  a  prescribing  for  symi>- 
toms,  and  many  of  the  sick  do  their  own  prescribing:  some  go  to  a  physician 
only  as  a  last  resort.  Many  are  unwilling  to  pay  the  physician  for  the 
time  it  takes  to  investigate,  and  so  the  physician  himself  simply  prescribes 
for  the  symptoms.  Some  physicians  are  so  busy  doing  this  that  they  have 
no  time  for  study  or  to  attend  the  meetings  of  their  medical  society,  much 
less  attend  and  take  jiart  in  the  delil>eratlons  of  any  scientific  soctlety.  The 
bane  of  the  scientific  physician  \h  the  busy  practitioner  who  flits  from  one 
patient  to  another,  never  studying  any  case  in  detiiil  nor  taking  time  for 
8tud>',  or  manifesting  any  interest  in  the  progress  of  medicine.  The  number 
of  men  who  have  contributed  to  the  annual  Transacftlons  of  the  Indiana 
State  Medical  Society  is  remarkably  small ;  where  a  few  make  freiiuent 
contributions,  many  make  none  at  all. 

Medical  Schools:     For  a  long  time  our  State  had  no  school  for  the 
education  of  physicians  and  the  more  ambitious  students  of  medicine  had 
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to  go  elsewhere.  More  than  fifty  years  ngo  the  doctors  of  Indiana  were 
discussing  the  advisability  ot*  establishing  a  medical  college;  there  were 
arguments  pro  and  con.  Some  l»olieved  that  if  we  could  not  have  a  good 
school,  we  had  l>est  have  none.  Since  then  many  medical  colleges  have 
come  into  existence  and  continued  for  variable  periods  of  time.  Some 
"went  under"  early,  others  exi»erieni!ed  the  hardships  of  existence  as 
private  institutions.  'I  he  struggle  is  still  going  on.  Indiana  Is  behind  tlie 
times;  she  is  still  without  a  medical  school  controlled  by  the  State.  Every 
civilized  country  sooner  or  later  is  conipelled  to  assume  control  of  medical 
education. 

The  art  of  medicine  lias  made  progress  in  Indiana,  but  the  science 
lags  behind;  so  far.  our  Stale  has  made  little  real  addition  to  the  science 
of  medicine. 

Although  at  the  time  of  tln^  passage  of  the  common  school  law,  only 
about  fifty  years  ago,  the  term  Iloosier  was  <>n<»  of  reproach,  the  advent  of 
the  schoolmaster  and  State  education  soon  changed  that  and  today  we 
take  pride  in  being  called  Hoosiers — it  is  l)ec()ming  a  term  of  honor  rather 
than  of  reproach.  We  have  wholly  outgrown  our  former  reputation,  and 
Indiana  literary  productions  arc  known  the  world  over. 

The  old  medical  schools  did  their  work  well ;  it  was  a  practical  work; 
but  untii  the  State  takes  charge  of  medical  education  and  sets  a  good 
standard,  little  advance  in  medical  science  is  to  be  expected. 

Art  precedes  science  everywhere.  Our  own  physicians  have  been  so 
busy  api)lying  the  knowledge  already  extant  that  they  have  not  had  time 
to  make  original  observations,  and  few  liavc  imblished  their  observations. 
But  the  time  will  come  when  our  pliysl<'iaiis  will  add  to  tlie  scientific  litera- 
ture of  medicine — the  rise  of  general  edu<*ation  and  of  literature  in  our 
State  foreshadows  it. 

TIIK   ADVEKT   OF   mSEASES. 

The  coming  in  of  new  diseases  can  i)erhaps  l)e  l)est  understood  in  the 
light  of  the  analogy  of  the  coming  in  of  new  w(»eds.  Weeds  and  diseases 
can  1)0  compared  in  many  ways,  but  after  a  time  analogies  fail  and  each 
must  l>e  studied  sei»arately.  Tointing  out  analogies  often  leads  men  to 
think,  and  in  this  light  they  are  justifiable. 

Early  BoTANiSTS  and  Eariy  Weeds — Eahi.y  I^hysicians  and  Eably 
Diseases:     Of  the  i)re>alence  of  tlie  early  weeds  of  our  State  we  know 
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but  little ;  there  were  no  coini>eteut  observers.  A  farmer  might  fight  weeds 
all  his  life  and  yet  know  but  little  about  them,  about  their  characteristics 
and  proi)erties,  or  their  classification,  and  he  is  very  apt  to  confound  species. 
A  farmer  usually  simply  learns  to  do  certain  things,  only  a  few  inquire 
into  the  reason  why  or  into  the  nature  of  the  thing  itself;  we  call  these 
few  progressive  farmers. 

The  erratic  Kafinesque  was  perliaps  the  first  botanist  who  visited  our 
State,  but  he  left  no  records  of  Indiana  plants.  The  first  botanist  to  make 
a  local  list  was  Dr.  A.  Clapp,  of  New  Albany,  in  the  early  thirties ;  at  that 
time  many  European  w<»eds  had  already  wandered  in.  Since  then  a  num- 
ber of  local  lists  have  been  made,  some  of  them  by  physicians  who  botan- 
ized as  a  recreation.  The  first  State  Catalogue  was  that  of  Coulter,  Barnes 
and  Arthur,  published  in  188J.  The  complete  Stete  Catalogue  of  Stanley 
Coulter  did  not  appear  until  1900;  since  then  a  number  of  additional  lists 
have  appeared  in  the  Proceedings  of  our  Academy.  New  plants  are  con- 
stiintly  arriving,  l)rought  in  from  other  States  and  countries;  of  these  new 
arrivals  many  are  weeds  and  of  these  some  remain  and  become  common. 
Where  at  first  there  were  but  few  observers  of  new  arrivals,  now  there  are 
many,  and  new  weeds  are  soon  recognized  and  reported. 

If  it  requires  a  botanist  (even  though  only  an  amateur  who  submits  to 
the  superior  knowledge  of  the  expert)  to  distinguish  between  weeds,  it 
must  be  evident  that  an  educated  physician  Is  required  to  distinguish  be- 
tween diseases  and  to  record  the  arrival  of  new  ones.  A  man  may  fight 
disease  or  diseases  all  his  life  without  knowing  anything  about  Das  Wesen 
dor  Krankheit;  indeed,  it  is  painful  to  admit  that  the  best  physicians  have 
to  tight  diseases  about  whose  real  nature  they  know  but  little;  like  the 
fanner  and  his  weeds,  they  can  simply  fight  them  in  the  way  they  have 
been  taught  or  have  learned  how.  I^n fortunately  the  routinism  of  some 
physicians  is  on  a  plane  little  above  that  of  the  farmer's  method ;  they  are 
satisfied  to  live  on  without  making  any  effort  to  find  out  and  we  do  not 
look  for  any  advance  in  learning  from  them. 

The  advent  of  tlie  educated  physician  has  already  been  referred  to,  so 
I  shall  proceed  to  give  a  few  analogies  between  weeds  and  diseases.  My 
remarks,  as  already  mentioned,  will  be  suggestive  rather  than  exact  scien- 
tific statements,  mere  outlines  without  dates.  Of  the  many  introduced 
diseases  I  can  mention  but  a  few.  Animals  and  plants  also  have  diseases 
but  I  shall  refer  only  to  disease  in  human  beings. 
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ANALOGIES   OF    WEKDS    AND    DISEASKS. 


The  Days  ok  Few  \Veei»s  and  of  Little  Dlsease:  The  fii-st  settlers 
cultivated  only  .sinnll  patches  of  cjround.  often  only  a  "truck  patch":  there 
were  few  kinds  of  weeds  and  these  were  natives  and  easily  destroyed. 
The  Ragweed  (Ambrosia  arteniisi.-fcfoUa )  was  prolmbly  the  chief  among 
theuL 

Of  the  diseases  of  the  native  Indians  at  the  time  the  white  man  first 
came  among  them,  we  know  nothinjr,  but  we  do  know  that  their  life  was 
not  conductive  to  the  evolution  and  projiagation  and  dissemination  of  dis- 
eases, and  we  can  assume  that  in  all  probability,  they  were  practically 
free  from  disease.  Men  who  live  in  isolation,  and  in  proportion  as  tliey 
do  live  in  isolation,  are  almost  free  from  the  connnon  pus  formers,  the 
Staphylococci  and  Streptoi*occi,  with  an  absence  of  many  of  the  common 
ailments  of  life  dei)endent  more  or  less  on  them. 

'1  he  early  settlers  were  a  hardy  set  of  men  and  women ;  they  had  left 
their  weak  and  feeble  behind,  and  they  led  a  happy  life,  esi)e(rlally  in  the 
northern  part  of  the  State  where  the  Indians  were  not  savage  or  warlike, 
owing  mainly  to  the  influence  of  the  French  pioneers.  Then*  were  few 
weeds  and  likewise  few  diseases;  they  had  left  both  behind.  But  they 
found  at  least  one  native  disease,  namely  milk  sickness,  or  in  other  words, 
they  found  the  cause  of  it,  and  when  this  got  into  the  body,  througli  the 
use  of  infected  milk  or  the  flesh  of  cattle  with  the  trembles,  a  reaction 
came  on,  and  this  reaction  was  called  Milk  Sickness — a  disease  about 
which  there  has  been  much  discussion. 

The  Days  or  Dog  Fknnel  and  Jim  son  Weed — Of  Malaria  and  Ty- 
phoid Fevek:  The  Dog  fennel  came  in  early,  from  Europe.  Jimson  is  a 
corruption  of  .Tamestown.  the  early  colonial  settlement  in  Virginia.  Both 
weeds  flourish  in  neglected  i)laces,  on  farms,  in  villages  and  in  towns; 
they  disappear  with  the  advance  of  progress  and  civilization.  On  clean 
farms  and  in  clean  villages  and  towns  we  see  no  Dog  fennel  today — but 
there  are  still  Dog  fennel  towns  In  Indiana. 

Malaria  and  Typhoid  fever  may  ap[>ropriately  Ikj  compared  and  con- 
trasted with  these  two  weeds;  l»oth  were  brought  in  by  the  white  man. 
Malaria  came  flrst  and  was  known  as  **Tlie  Fever."  When  typ!ioid  fever 
(fame  in  it  was  called  "Continued  Fever,"  to  distinguish  It  from  malaria 
also  known  as  **reriodi(ral  Fever."  Fntil  the  de<ade  1H40-1850,  physicians 
the  world  over  were  not  able  to  clearly  differentiate  typliold  fever,  it  was 
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long  confURPd  with  typhus  fever;  very  recently  another  disease  has  been 
differentiated,  known  as  paratyphoid.  Thus  finer  and  finer  distinctions  are 
being  made.  In  this  «?onnectlon  I  might  refer  to  the  analogous  case  of 
the  plants  Scrophularia  nodosa,  Scrophularia  Marylandica,  and  Scroph- 
ularia  leix)re]la.  and  how  the  latter,  a  native  Indiana  plant  was  for  a  long 
time  confounded  with  the  other,  just  as  that  In  turn  had  been  confused 
with  the  European  form — a  botanist  will  readily  understand  this  simple 
allusion. 

Malaria  and  typhoid  fever  both  flourish  under  slm[)le  and  primitive 
conditions,  that  is,  under  a  neglect  of  sanitation.  Malaria  flourishes 
where  the  Anopheles  mosquito  breeds  and  is  transferred  from  one  indi- 
vidual to  another  by  Its  bite.  The  drainage  of  wet  places  and  the  use  of 
quinine  are  tlie  chief  factors  that  account  for  the  subsidence  of  malaria 
and  its  present  rarity.  Typhoid  fever  differs  markedly  from  malarial 
fever  in  that  one  attack  protects  the  individual.  The  weak  are  killed  off 
and  those  who  survive  are  inunune  (second  attacks  of  the  disease  being 
rare)  and  this  fact  has  an  important  l)earing.  Typhoid  fever  is  chiefly  a 
water-borne  disease,  esjiecially  well  water.  Where  wells  and  closets  are 
close  together  or  where  the  subsoil  is  porous,  diffusion  takes  place.  In  a 
family  where  typhoid  fever  occurred  there  may  Ixi  no  further  ditttcultj' 
from  the  use  of  the  well  water,  but  any  stranger  or  visitor  using  It  may 
fall  a  victim.  In  cities  dependent  on  wells  there  may  be  much  typhoid 
fever,  while  on  the  other  hand  a  city  with  a  good  municipal  water  supply, 
esi)ecially  where  the  water  is  proi)erly  filtered,  may  have  little  of  It.  Cities 
dependent  on  a  river  supply  without  previous  filtration  may  fare  very  well' 
so  long  as  the  water  is  clear,  but  with  the  nmddying  of  the  river  after  a 
rain  and  with  a  resort  of  the  citlztnis  to  the  old  wells,  there  may  be  a 
constjint  recurrence  of  the  disease.  In  this  connection  we  must  not  forget 
that  many  of  our  rivers  are  today  notlilng  but  oi)en  sewers  full  of  infec- 
ti(ms  germs. 

Malaria  has  disapijeared  from  the  cities  (the  Anoi)heles  mosquito  does 
not  live  in  cities)  but  it  still  flonrishes  in  backward,  undrained,  communi- 
ties— communities  that  arc  still  in  the  Dog  fennel  days.  On  the  other 
hand,  typhoid  fever  is  all  too  connnon  in  some  of  our  cities  and  towns — 
another  indication  of  the  survival  of  Dog  f<»nnel  days. 

Not  so  very  long  ago  the  chief  diagnostic  character  for  distinguishing 
between  the  two  diseases  was  the  fever,  that  Is  the  elevation  of  tempera- 
ture, but  every  now  and  then  so-called  atyi)lcal  cases  occurred  which  left 
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the  diagnosis  a  matter  of  doubt.  Today  the  scientific  physician  tal^es  a 
few  drops  of  blood  from  the  finger  of  the  patient,  one  drop  he  examines 
for  the  malarial  parasite,  the  other  is  used  for  making  the  serum  test  for 
tsrphoid  fever.  In  the  one  disease  a  few  large  doses  of  quinine  usually 
cures  outright;  in  the  case  of  typhoid  fever  little  medicine  is  given,  little 
being  required;  with  good  nursing,  proper  diet,  and  an  abundance  of  pure 
water  and  pure  air,  the  patient  is  npt  to  recover.  Although  formerly  no 
exact  diagnosis  was  possible,  yet  the  treatment  of  cases  was  simple;  qui- 
nine, whisky,  calomel  and  opium  were  standard  remedies.  Little  atten- 
tion was  given  to  hygienic  measures,  the  sickroom  was  often  tightly  closed, 
with  the  exclusion  of  fresh  air,  and  as  a  consequence  there  was  bronchial 
irritation,  often  bronchitis.  Typhoid  fever  is  not  the  fatal  disease  it  was 
considered  to  be  in  the  early  days,  and  tlie  nurse  has  largely  taken  the 
place  of  the  doctor  in  the  treatment. 

In  the  early  days  of  Indiana,  bleeding  was  in  order  in  the  treatment 
of  malaria,  but  this  practice  soon  declined.  Although  the  proi)er  remedy 
is  quinine,  yet  for  a  long  time  it  was  given  In  Insuflicient  dosage.  Just  as 
too  little  water  can  be  put  on  a  fire,  and  fail  to  put  it  out,  so  too  little 
quinine  can  be  given  to  cure  a  patient — and  if  you  wait  too  long  the  fire 
(or  the  disease)  may  l)ecome  very  destructive.  It  was  customary  to  "pre- 
pare the  patient  for  the  quinine."  Some  died  before  the  preparation  was 
completed.  The  discovery  of  the  Plasmodium  malaria,  the  active  cause 
of  tlie  disease,  was  a  great  advance  in  medicine.  But  to  look  for  the 
parasite  is  not  universal  today ;  some  physicians  find  It  easier  to  prescrll>e 
before  they  are  sure  of  the  diagnosis — Dog  fennel  days  still  survive. 

The  Days  of  Ck)MMON  European  Weeds  :  The  white  man  in  his  wan- 
derings over  the  world  has  brought  together  a  miscellaneous  collection  of 
weeds,  and  these  follow  him  wherever  he  goes.  Today  most  of  our  com- 
mon Indiana  weeds  are  Immigrants  from  Europe,  where  they  have  reslsteil 
destruction  for  ages.  The  Amaranths  and  Chenopodlums  when  cut  down 
will  sprout  anew ;  pulled  up  by  the  roots  they  take  fresh  hold  while  lying 
prostrate  on  the  ground;  If  but  a  single  plant  rii>en  seed,  the  surrounding 
country  will  soon  l)e  r(?sto<'ked. 

The  white  man  In  his  wanderings  has  likewise  collected  a  miscellan- 
eous lot  of  diseases,  and  these,  like  his  weeds,  follow  him  wherever  he 
goes.  A  list  of  their  names  may  be  found  In  the  daily  mortjility  statistics 
In  the  newsi)ai)ors  or  in  the  advertisements  of  patent  medicines. 
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Mau  tights  his  common  diseases  by  resorting  to  the  use  of  medicines, 
especially  patent  medicines;  he  has  not  yet  learned  that  diseases,  like 
weeds,  may  be  eradicated,  or  that  prevention  is  easier  than  cure.  An  in- 
telligent farming  community  is  apt  to  make  a  combined  attack  on  weeds, 
and  the  less  seed  scattered  about  the  fewer  weeds  there  will  be.  Perhaps 
after  a  time  we  will  go  after  diseases  as  the  good  farmer  goes  after  his 
weeds;  indeed,  we  have  already  reached  tlie  stage  where  we  keep  a  look- 
out for  such  formidable  diseases  as  the  plague,  cholera,  typhus  fever  and 
several  others ;  we  do  not  allow  them  to  land.  But  we  are  so  accustomed 
to  some  diseases  that  have  already  landed  and  that  have  gotten  a  foothold 
among  us,  that  we  seem  to  have  forgotten  that  we  could  get  rid  of  them 
if  we  only  tried. 

Among  the  diseases  once  common  in  civilized  Europe  but  now  becom- 
ing more  and  more  rare,  may  be  mentioned  leprosy,  cholera,  plague,  typhus 
fever,  miliary  fever,  scurvy,  smallpox,  malaria,  typhoid  fever,  and  others. 
Some  countries  are  even  beginning  to  show  a  reduction  in  the  number  of 
deaths  from  tut)erculosis,  and  some  cities  regard  the  presence  of  much 
typhoid  fever  as  a  municipal  disgrace.  Man's  control  over  the  spread  of 
diseases  is  becoming  more  and  more  marked. 

The  Anaix)oy  of  WEEna  and  Diseasics  Carried  Further  :  A  botanist 
can  take  his  manual  and  check  off  plants,  e8i)ecially  weeds,  that  are  spread- 
ing or  migrating,  and  coniidently  look  forward  to  the  time  when  they  will 
appear  in  his  own  locality.  Those  who  are  on  the  lookout  for  new  weeds 
are  rewarded  every  now  and  then  by  finding  new  arrivals.  The  date  of 
many  arrivals  is  known.  New  weeds  are  introduced  in  impure  garden 
seed,  or  in  the  packing  of  crates  or  boxes;  some  travel  by  rail,  others  by 
water.  Some  come  to  stay  for  but  a  single  season ;  they  may  find  the  en- 
vironment unfavorable,  early  or  late  frosts  may  be  detrimental ;  some  live 
for  a  few  years  and  then  die  out;  a  few,  however,  may  find  conditions 
favorable  and  fiourish  to  such  an  extent  that  they  may  be  seen  everywhere, 
and  a  man  who  did  not  know  of  their  introduction  might  be  led  to  con- 
clude that  they  always  grew  in  the  locality.  The  list  of  naturalized  weeds 
in  our  State  is  today  quite  large. 

The  date  of  the  first  appearance  of  some  of  our  diseases  is  likewise 
known,  but  unless  a  disease  has  some  marked  or  striking  characteristic,  it 
is  apt  to  be  overlooked.  Influenza  and  cholera  were  readily  identified  when 
they  arrived  in  our  State  and  the  date  of  their  arrival  is  duly  recorded. 

3-A.  OP  SOIRMCK. 
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but  tuberculosis  nud  typhoid  fever  came  In  so  quietly  and  unobtrusively 
that  no  notice  was  at  first  taken  of  them,  at  least  we  have  no  records  of 
their  first  appearance.  People  ordinarily  do  not  reason  about  these  things, 
but  the  early  Indiana-  doctors  realized  that  a  change  was  going  on  and 
long  ago  the  Indiana  State  Medical  Society  had  appointed  a  committee 
to  look  Into  the  matter.  (In  this  connection  I  may  say  that  only  last  week 
I  reported  to  the  Cass  Ck>unt3'  Medical  Society  a  case  of  tropical  sprue,  or 
psiloeis,  brought  into  the  State  by  a  missionary  returned  from  Korea.  New 
eases  are,  however,  not  apt  to  arise  from  it) 

Although  there  is  an  analogy  between  weeds  and  diseases,  the  former 
growing  in  the  earth,  the  latter  on  or  in  the  body,  yet  diseases  are  not  en- 
tities that  can  be  handled  and  examined.  But  in  the  childhood  of  the  race 
disease  was  held  to  be  a  thing  that  had  gotten  into  the  body,  had  taken 
possession  of  it,  and  the  early  medicine  man  tried  to  drive  it  out  by  the 
use  of  all  sorts  of  noises  and  nauseous  drugs,  even  by  torture.  Ihe  Chi- 
nese and  Korean  medicine  men  of  today  are  quite  expert  in  thrusting  long 
needles  into  the  body  of  the  sick ;  it  is  really  wonderful  how  little  dam- 
age they  do — they  have  learned  how  to  avoid  the  vital  spots  or  organs.  In 
some  other  countries  the  sick  are  filled  up  with  all  sorts  of  nauseous  drugs, 

and  the  physicians  are  quite  skilled  in  knowing  what  to  give  so  that  the 
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patient  may  not  die  from  the  effect  of  the  supposed  remedy. 

A  specific  disease  is  now  regarded  in  the  light  of  a  reaction  of  the 
organism,  of  the  body,  toward  some  foreign  cause,  the  reaction  depending 
on  the  kind  of  cause.  The  reaction  may  be  so  definite  that  the  disease 
may  be  diagnosed  from  the  symptoms  alone,  without  examining  into  the 
nature  of  the  cause,  thoupli  diagnoses  based  on  a  recognition  of  the  caust* 
are  of  course  more  exact  than  when  based  on  symptoms. 

The  classification  of  diseases  a  hundred  years  ago,  at  the  time  when 
our  State  was  first  being  settled,  was  by  classes,  orders,  genera  and  species, 
Just  as  in  tlie  case  of  l^otiiny  and  zoology.  Many  systems  of  classification 
have  appeared,  each  one  sui>posed  to  be  an  improvement  over  preceding 
ones,  and  physicians  are  Just  now  working  uix)n  a  new  system  which  they 
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believe  will  stand  the  test  of  time.  OJfi  systems  were  based  on  symptoms, 
the  new  is  l)ased  on  the  recognition 'of  the  cause  of  the  disease.  Thus 
Osier's  recent  treatise  takes  up  first  the  diseases  due  to  animal  parasites— 
those  due,  in  order,  to  protozoa,  parasitic  infusoria,  to  flukes,  cestodes, 
nematodes,  and  so  on— followed  by  the  specific  infe<'tious  diseases,  from 
typhoid  and  typhus  fever  running  down  to  tuberculosis  and  leprosy,  in- 
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eluding  some  whose  causes  have  not  been  definitely  identified,  analogy  ad- 
mitting their  inclusion.  The  reactions  or  intoxications  due  to  the  ingestion 
of  chemical  substances,  such  as  alcohol,  morphia  and  lead,  follow,  with  a 
mention  of  sunstroke — and  then  all  at  once  there  Is  a  classification  riot. 
For  want  of  something  better,  a  number  of  diseases  are  described  under 
the  head  of  '^Constitutional  Diseases."  Then  follow  a  host  of  affections 
and  diseases  that  for  convenience  are  grouped  under  their  respective 
organs,  beginning  with  the  diseases  of  the  mouth  and  running  down  the 
alimentary  tract,  followed  by  the  affections  of  the  other  organic  systems — 
the  respiratory,  the  nervous,  etc.  One- third  of  the  book  Is  thus  definite. 
bascHi  on  a  scientific  system,  the  rest  Is  simply  based  on  convenience  of  ref- 
erence. Although  we  have  here  real  progress,  yet  how  much  still  remains 
to  be  done. 

Some  of  you  may  recall  the  story  of  the  amateur  botanist  who  com- 
plained to  Linneus  of  the  poverty  of  Sweden  In  material  for  study,  and 
how  Linneus  placed  his  hand  over  a  tuft  of  moss  and  said,  **Here  Is  study 
for  a  life-time."  To  study  diseases  we  need  not  go  to  unexplored  Africa, 
where  so  many  new  and  strange  diseases  are  being  found;  our  common 
every-day  ailments  and  affections  and  diseases  are  worthy  of  the  deepest 
study,  much  is  still  to  be  learned  about  them.  Not  all  is  known  about 
common  everyday  coughs  and  colds,  about  rheumatic  and  neuralgic  aches 
and  pains,  about  anenfia  and  fever,  dyspepsia  and  nervousness. 

The  old  physicians  diagnosed  diseases  almost  wholly  from  or  by  their 
.symptoms,  and  they  were  close  obser^^ers,  with  sharpened  senses  like  those 
of  the  Indian.  The  modem  physician  relies  to  a  great  extent  on  so-called 
laboratory  methods,  and  tlie  influence  of  the  college  and  university  lal)ora- 
tories  is  l)eing  felt.  Rough  and  ready  methods  are  more  and  more  being 
replaced  by  rt^fined  ones.  But  we  must  not  undervalue  the  Importance  of 
simple  observations,  without  the  use  of  Instruments,  nor  should  we  neglect 
the  training  of  the  sense  organs. 

Scientific  classifications  are  for  scientific  minds,  but  we  must  not  for- 
get that  "Nature  makes  transitions  and  naturalists  make  divisions."  Hair 
splitting  in  medical  classifications,  or  nosology,  is  not  unknown.  As  a  mat- 
ter of  fact  each  group  of  specialists  has  its  own  system  and  nomenclature, 
and  when  the  average  all-round  physician  takes  up  one  of  the  special 
treatises  he  requires  the  aid  of  a  medical  dictionary. 

Popularly  we  can  classitv  the  diseases  of  our  Stifte,  Including  those 
we  have  had  in  the  past  and  not  excluding  those  still  to  come,  according 
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to  the  way  in  wliu!li  tliey  are  transmitted  from  one  individual  to  another. 
It  is  i)erliaps  needless  to  say  that  diseases  are  carried  from  one  individual 
to  another,  from  host  to  host,  much  after  tlie  fashion  of  weeds  carried 
from  one  Held  to  another,  Tlie  seed  of  a  weed  may  sain  access  to  a  field 
by  being  blown  in  by  the  wind,  or  it  nmy  have  been  brought  in  by  an  ani- 
mal, especially  by  birds;  many  weeds  have  been  brought  in  by  impure 
garden  seeds.  Cheat  or  chess  nnitmc  wheat  means  that  the  seed  was 
present;  it  does  not  mean  the  transformation  of  one  spei'ies  into  another, 
nor  does  it  mean  a  spontaneous  generation. 

The  railways  are  imi)ortant  factors  in  the  distribution  of  weeds,  as 
they  are  of  diseases.  Before  the  days  of  railways  new  diseases  traveled 
slowly,  cholera  and  inliuenza  required  a  long  time  to  encircle  the  globe  in 
their  early  migrations;  today  diseases  may  spread  rapidly.  In  a  thinly 
settled  country,  weeds  and  diseases  spread  slowly,  while  the  massing  of 
people  in  cities,  e^peclaliy  in  the  absence  of  sanitation,  favors  dissemina- 
tion. 

Diseases  due  to  si>ecittc  causes  can  be  groui>ed  in  various  ways,  like 
weeds ;  whether  native  or  foreign ;  whether  coming  to  stay,  or  to  disappear 
after  a  short  time;  whether  spreading  rapidly  and  then  dying  out,  or 
spreading  slowly  but  surely  and  permanently,  etc.  Looked  at  in  this  light 
we  might  regard  Milk  Sickness  as  a  native  disease  which  is  disappearing; 
Cholera  as  a  disease  which  has  come  In  rei>eatedly  -but  on  account  of  un- 
favorable conditions  never  gained  a  permanent  foothold;  Malaria  as 
spreading  rapidly  and  lasting  for  n  long  time  and  then  aeclining;  Tuber- 
culosis as  coming  in  and  spreading  slowly  but  surely  and  not  yet  having 
reached  its  maximum  among  us.  Measles,  scarlet  fever,  Amallix)x,  whoop- 
ing cough,  etc.,  need  only  l)e  referred  to. 

Classification  of  Diseases  Accokding  to  Their  Modes  of  Transmis- 
sion: In  a  general  way  we  may  classify  diseases  according  to  how  they 
are  carried  from  one  individual  to  another  thus: 

1.  Hy  direct  contact — from  one  host  to  another. 

2.  Transmited  through  inswts.     (Notably  malaria.) 
8.     Diseases  conveyed  by  or  through  food. 

4.  Water-borne  diseases. 

5.  Air  and  dust-borne  diseases  and  affections  (notably  tuberculosis 
and  pneumonia,  w^^li  a  host  of  other  respiratory  affections  and  a  variety 
of  aches  and  pains  and  functional  disturbances.) 
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Out  of  the  many  diseases  and  arfectlons  that  come  under  one  or  the 
other  of  the  above  groups,  I  desire  to  make  mention  of  only  two,  namely, 
malaria,  already  referred  to,  and  tulierculosis — one  a  decreasing,  the  other 
an  increasing  disease. 

BIalaria:  Malaria  was  the  Grendel  of  the  early  Indianians.  Today 
we  can  scarcely  realize  what  the  disease  meant  to  the  early  settlers;  in 
some  localities  it  ravaged  frightfully.  Thus  in  the  early  history  of  our  cap- 
ital city  we  read  that  the  forest  was  cleared  in  1S2()  and  lots  laid  out  and  in 
the  spring  of  1821  the  immigrants  rushed  in  to  the  number  of  six  hundred 
or  more.  In  the  latter  part  of  July  malaria  appeared,  and,  I  quote  from 
Drake,  "Before  the  epidemic  closed  In  Octol^er.  nearly  every  person  had 
been  more  or  less  indisposed,  and  seventy-two,  or  alK)Ut  an  eighth  of  the 
population,  had  died."  In  some  localities  the  disease  was  so  severe  that 
farming  lands  could  not  be  sold,  and  for  a  long  time  Immigration  to  our 
State  was  retarded;  people  went  through  to  Illinois,  to  the  prairie^. 

In  an  account  of  the  diseases  prevailing  In  Indiana  In  1872,  by  Dr. 
Sutton,  it  was  noted  that  the  summer  was  dry.  and  in  comparing  reports 
from  different  counties  of  the  State  it  was  found  that  malaria  had  been 
more  prevalent  than  usual  in  some  of  the  rolling  southern  counties  and  in 
places  along  streams  and  rocky  creeks,  while,  on  the  other  hand,  it  was 
less  common  than  usual  in  the  northern  counties  where  before  It  had  been 
very  common  (but  where  dniinage  had  made  some  of  the  worst  places  sa- 
lobrious).  At  that  time  the  view  that  decaying  vegetation  and  moisture 
had  a  causative  influence  was  universally  Iwlleved,  yet  that  theory  did  not 
explain  the  conditions.  Today,  In  the  light  of  the  role  the  mosquito  plays 
in  the  transmission  of  malaria,  we  can  readily  account  for  the  facts. 

In  the  rolling  southern  counties  man.v  of  the  small  streams  are  fed  by 
springs  which  flow  a  small  volume  at  all  times,  but  in  dry  seasons  not 
sufficiently  to  create  a  current  in  the  rocky  creeks;  hence  many  pools 
formed,  and  these  pools  served  for  breeding  places  for  mosquitoes.  Or- 
dinarily even  a  small  continuous  cnrr'?nt  of  water  will  prevent  the  devel- 
opment of  mosquito  eggs,  and  we  nmst  keep  in  mind  the  presence  of  fish 
and  insects  which  feed  on  the  jnosqulto  larva,  but  which  die  off  In  times 
of  low  water,  on  account  of  Its  stagnacy.  In  the  wet  northern  counties 
the  drought  meant  a  drying  out  of  the  breeding  places  of  the  mosquitoes, 
with  a  consequent  reduction  of  the  nuinbor  of  Insects  and  of  cases  of  ma- 
laria. The  same  reasoning  holds  for  the  increase  of  malaria  along  the 
larger  streams ;  in  ordinary  stages  of  water  there  may  be  no  stagnant  pools 
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or  isolated  bayous,  but  sucli  form  In  time  of  drought,  resulting  in  a  de- 
struction of  the  minnows  and  the  development  of  countless  numbers  of 
mosquitoes. 

Mosquitoes  :  Mosquitoes  occurred  in  immense  numbers  In  the  early 
days,  when  breeding  places  were  plentiful.  They  were  common  along  this 
canals,  and  an  English  traveler  on  the  Wabash  canal,  in  1851,  writes  of 
them :  "After  tea,  we  all  began  a  most  murderous  attack  upon  the  mos- 
quitoes that  swarmed  on  the  windows  and  inside  our  berths,  in  expecta- 
tion of  feasting  ui)on  us  as  soon  as  we  should  go  to  bed.  But  those  on 
which  we  made  war,  were  soon  replaced  by  others ;  and  the  more  we  killed, 
the  more  they  seemed  to  come  to  be  killed,  like  Mrs.  Bond's  ducks ;  it  was 
as  though  they  would  defy  us  to  exterminate  the  race.  At  last,  we  gave  up 
the  task  as  hopeless,  and  resigned  ourselves,  as  well  as  we  could,  to  pass  a 
sleepless  night.'^  He  adds:  "What  with  turning  about  on  account  of  the 
heat  and  trying  to  catch  the  mosquitoes,  who  bit  us  dreadfully,  we  did  not 
get  much  rest ;  and  we  rose  the  next  raoi*ning  unrefreshed." 

Canals  were  a  factor  in  the  mosquito-malaria  problem.  In  some  of  the 
older  States  it  was  noticed  that  malaria  followed  the  canals,  that  the  dis- 
ease appeared  where  it  had  formerly  been  unknown ;  In  other  places  it 
markedly  increased  its  prevalence;  some  towns  were  almost  depopulated. 
When  Indiana  undertook  to  build  canals  the  malaria  question  was  not  over- 
looked; there  was  opposition.  The  reservoirs  were  considered  especially 
obnoxious,  and  in  places,  notably  in  Clay  County,  the  people  began  to  de- 
stroy them ;  State  troops  had  to  he  called  out  to  protect  the  embankments ; 
the  Legislature  even  ai>i>ointed  a  committee  to  inquire  into  the  matter  and 
report.  This  conmiission,  and  medical  men  generally,  tried  to  minimize 
the  supi)OFed  evil  influence;  in  the  lljxht  of  the  then  im^valent  decaying- 
vegetation  theory  they  could  not  see  how  canals  or  reservoirs  could  In- 
crease the  disease.  Today  we  can  readily  see  that  the  popular  belief  rested 
on  good  foundation ;  the  reservoirs  and  the  small  ponds  made  on  account 
of  the  embankments  at  gulleys  or  ravines,  formed  breeding  places  for  mos- 
quitoes. The  larger  ponds  in  the  course  of  time  became  inhabited  by  fish 
and  thereby  lost  their  mosquitoes,  but  in  the  smaller  i)onds  with  a  period- 
ical drying  out,  fish  could  not  live. 

It  was  noticed  that  canal-lmat  men  suffered  less  from  the  disease  than 
the  people  along  the  banks,  and  this  at  first  sight  seems  difficult  to  explain. 
But  the  explanation  is  siini)le;  it  is  analogous  to  tlie  explanation  of  why 
railway  conductors  and  porters  reem  healthy  in  spite  of  their  exposure  to 
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infective  dust  from  the  coaclies,  especially  the  smoking  cars.  On  our  rail- 
ways today,  men  who  are  constantly  suffering  from  the  evil  effects  of  In- 
haling a  polluted  atmosphere,  manifested  by  colds  and  coughs,  and  ca- 
tarrhs, by  weeping  eyes  and  noses,  and  are  inclined  to  be  sickly  and  de- 
mand frequent  vacations,  such  men  are  not  long  retained  In  these  posi- 
tions by  the  raUway  managers— -the  weeding  out  process  goes  on  all  the 
time.  Similarly  a  canal-boat  man  who  was  readily  attacked  by  malaria 
and  who  lost  much  time  on  account  of  It,  was  not  long  retained  in  the  po- 
sition; those  who  retained  their  positions  were  the  more  reslstent  ones. 

Facts  are  sometimes  explainable  by  different  theories.  In  the  following 
story,  taken  from  Drake,  the  substitution  of  "mosquitoes'*  for  "whisky," 
as  the  apparent  cause,  more  satisfactorily  accounts  for  the  facts  or  condi- 
tions. It  should  be  remembered  that  the  Anopheles  mosquitoes  are  nlght- 
biters,  that  ordinarily  they  fly  low,  and  do  not  frequent  rooms  or  houses  In 
which  tobacco  Is  smoked. 

A  few  miles  to  the  east  of  Fort  Wayne  there  was  a  densely  wooded 
swamp,  known  as  the  Maumee  or  Black  Swamp,  which  extended  on  Into 
Ohio.  This  swamp  seems  to  have  been  salubrious;  it  was  free  from  ma- 
laria, and  families  who  settled  in  it  "enjoyed  uninterrupted  autumnal 
health  for  three  or  four  years,"  until  malaria  was  brought  In  by  other  set- 
tlers. In  1888  excavations  were  made  in  the  eastern  end  of  this  wet  section 
for  a  cannl.  "The  laborers,  four  or  five  liundred  In  number,  were  chiefly 
Irish,  who  generally  lodged  In  temporary  shanties,  while  some  occupied 
bowers  formed  out  of  tlie  green  limbs  of  trees.  *  *  *  One  contractor 
kept  a  liquor  store,  and  sold  whisky  to  all  whom  he  employed,  which  was 
drank  freely  *  *  *  the  mortality  (from  malaria)  among  them  was 
very  great.  Another  lodged  his  operatives  on  straw  beds,  in  the  upper 
room  of  a  large  frame  house,  made  them  retire  early,  kept  them  from  the 
use  of  whisky,  and  nearly  all  escaped  the  disease." 

In  this  connection  it  may  be  said  that  In  the  malaria  prophylaxis  of 
Italy,  screens  on  houses,  and  an  avoidance  of  the  mosquitoes  outside  of  the 
houses,  are  of  the  greatest  Importance.  In  our  own  country  the  use  of 
screens  in  windows  and  doors  Is  a  most  Important  factor  In  the  diminu- 
tion of  many  ailments  and  diseases  tlmt  formerly  prevailed  during  the  time 
of  mosquitoes  and  flies,  cholera  infantum  not  the  least  among  them. 

The  belief  in  the  injurlousness  of  night  air,  still  so  prevalent  among 
us,  is  readily  traced  to  the  days  of  the  nlght-bltlng  Anopheles  mosquitoes 
filled  with  the  germs  of  malaria.    These  mosquitoes  do  not  live  In  cities,  or 
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at  most  only  in  the  outskirts,  and  olty  night  air  is  really  better  than  that 
of  the  day  time,  l>ecanse  there  is  less  dust  in  it. 

The  widespread  use  of  quinine  today  is  also  traceal)le  to  the  days  of 
much  malaria.  Tlien  it  was  given  in  almost  every  ease  of  sickness,  a  sort 
of  panacea,  and  this  prnctice  is  simply  kept  uf),  not  only  by  the  people  but 
by  many  doctors.  Today  (piinine  really  lias  a  very  limited  use.  The  so- 
called  "False  malaria"  of  our  cities  lins  no  relationship  to  malaria  proper; 
it  Is  snnply  a  reaction  due  to  l)ad  air.  and  not  to  the  Plasmodium  malaria. 

In  the  early  days,  when  there  was  i)ut  little  quinine,  and  that  high 
priced,  many  of  the  native  barks  and  herbs  were  used,  notably  the  Dog- 
wood, Yellow  I'oplar,  Wild  Cherry,  Thoroughwort  and  American  Centaury. 
They  were  steeped  In  whisky  and  formed  "bitters;"  bitters  still  survive 
and  sojne  are  widely  advertised  in  the  newspapers;  as  a  rule  their  value  is 
nil.  A  nunil)er  of  other  things  concerning  malaria  might  be  mentioned, 
but  I  must  desist  and  will  close  this  account  with  a  few  remarks  on  Adap- 
tation and  Immunity. 

We  know  that  plants  and  animals  are  adapted  to  their  surroundings 
and  that  few  can  bear  any  marked  change  of  environment;  wet  soil  and 
dry  soil  plants  can  not  exchange  places,  nor  can  tropical  animals  exchange 
places  with  those  of  tlie  frigid  zones.  But  many  of  our  cultivated  plants 
and  animals  have  l>een  shifted  about  so  much  that  they  are  able  to  flour- 
ish under  a  variety  of  surroundings,  just  as  the  white  man  flourishes  be- 
cause he  has  had  such  a  varied  experience  in  the  past  Now  there  is  also 
an  adaptation  in  the  case  of  diseas(»s.  Where  a  disease  has  long  been  In 
J.  country  or  locality,  there  is  a  mutual  adaptation  between  the  disease  and 
the  i)eople,  or  in  other  words,  between  the  parasite  and  the  host.  If  a  dis- 
ease is  so  virulent  that  it  kills  off  all  the  people,  then  the  disease  In  turn 
is  killed  oft',  or  dies  out,  for  want  of  material.  If  on  the  other  hand,  a  dis- 
ease is  not  strong  enough  to  attack  at  least  some  members  of  a  comnmnlty, 
then  it  is  af)t  to  i>e  mild  and  to  pick  out  and  live  only  on  the  weak  and 
feeble  or  aged  or  the  very  yoinig,  the  robust  adults  escaping.  But  where  a 
disease  gets  among  a  peoi)le  who  have  never  had  it  then  it  may  be  very 
destructive,  many  may  i>erish  and  few  survive,  but  the  survivors  may  re- 
|)eople  the  territory  witli  a  stock  less  susceptil»le,  and  we  can  see  how,  in 
the  course  of  ages,  with  a  killing  off  or  weeding  out  of  the  susceptible,  a 
strain  may  be  i>r()duced  tliat  is  able  to  live  in  the  presence  of  the  disease. 

Examined  in  this  light  ^e  get  son)e  clew  to  the  original  home  of  ma- 
laria.    J'he  negro  of  Africa  is  quite  innmme  against  malaria;  there  is  an 
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MALARIA  IN  INDIANA. 

Primeval  conditions. 

Ground  covered   i)y   forest  or  herbage,   retention  of  moisture 
or  rain. 

Streams  running,  clear,  full  of  fish. 

Coming  in  of  the  settlers. 

Destruction  of  the  forest,  periodical   drying  up  of  the  small 
streams. 

Destru(;tion  of  fish,  increase  of  mosquitoes. 


Advent  of  malaria. 

Absence  of  physicians  and  remedies — antiperiodics. 

Settling   up   of   the  country,    malarial   parasite   more    readily 
transferred. 

Canal  reservoirs  and  railway  embankment  ponds  as  factors. 

Drainage  of  wet  places,  fewer  mosquitoes. 

Free  use  of  quinine. 

Isolation  of  the  sick  and  use  of  screens. 

Subsidence  of  malaria. 

No  malaria  in  large  cities,  little  in  suburbs. 

Continuance  of  malaria  in  backward  connnunitics. 
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adaptation.  The  disease  producing  agent,  tlie  Plasmodium,  is  tliere»  and 
has  been  found  in  the  blood  of  the  people  without  apparently  doing  much 
harm,  but  when  a  white  man  gets  into  tlie  country  he  may  succumb  very 
quickly.  There  may  be  even  a  marlced  ditYerence  In  white  men  in  their  sus- 
ceptibility to  malaria,  or  other  diseases,  doubtless  depending  on  the  ex- 
posure of  the  ancestors  in  former  times.  The  susceptibility  of  our  native 
Indians  is  one  of  the  chief  arguments  against  the  indigenous  origin  of 
malaria. 

Malaria  in  Indiana  has  about  run  its  course,  as  it  has  in  older  civilized 
countries;  its  mortality  today  I&  slight— our  dog  fennel  days  of  malaria 
are  about  over. 

TuBERCLLOSis :  If  malaria  was  the  Grendel  of  early  Indiana,  tuber- 
culsis  occupies  that  position  in  our  State  today.  While  there  has  been  a 
steady  decrease  in  mortality  from  malaria,  there  has  been  a  steady  in- 
crease in  mortality  from  tuberculosis,  and  we  have  not  yet  reached  the 
maximum.  Tuberculosis  is  an  air-borne  disease,  or,  more  strictly  speaking, 
a  dust-borne  disease,  and  conditions  in  our  State  were  never  so  bad  as 
today.  Although  the  mortality  statistics  of  tuberculosis  are  a  fair  index  of 
bad  air  conditions,  they  do  not  tell  the  whole  truth;  the  deaths  from  a 
number  of  other  affections  must  be  included,  notably  those  from  pneu- 
monia. 

Tuberculosis  is  the  slow  protest  of  nature  against  bad  air  conditiojis. 
pneumonia  Is  the  sudden  outcry.  The  approach  of  tuberculosis  Is  heralded 
by  many  and  repeated  warnings — clinicians  speak  of  a  pre-tubercular  stage, \ 
a  stage  of  coughs  and  colds,  of  pains  and  aches.  Pneumonia  strikes  sud- 
denly, without  warning.  The  stranger  within  the  gates  of  the  city  has  no 
time  to  flee;  and  to  remain  in  the  crowded  city  is  too  often  synonymous 
with  death.  In  the  country  where  air  conditions  are  good,  pneumonia  Is 
neither  frequent  nor  very  fatal,  and  under  good  air  conditions  tul>orculosis 
does  not  thrive  at  all ;  indeed,  the  city  victim  on  going  out  into  good  air  is 
apt  to  recover,  if  he  goes  in  time.  The  ancient  Greeks  knew  the  value  of 
good  air,  the  ponderous  volumes  of  the  physicians  of  a  hundred  years  ago 
testify  to  Its  value,  a  value  which  we  are  now  but  rediscovering — we  do 
not  yet  fully  appreciate  it. 

We  as  a  matter  of  course  look  upon  tuberculosis  as  the  great  enemy 
of  the  human  race — but  after  all  It  may  l)e  a  friend  in  disguise!  Few  may 
be  able  to  look  at  it  in  that  light,  but  some  arguments  may  be  made  in  sup- 
port of  such  a  statement. 
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The  old  herbalists  believed  that  the  Creator  made  no  plant  in  vain; 
they  believed  that  every  plant  had  its  uses,  if  we  could  only  find  it  out. 
Looked  at  in  this  light  the  lowly  plants  that  produce  disease  may  have 
some  use;  the  cholera  bacillus  teaches  our  cities  to  clean  up,  and  in  pro- 
portion as  they  clean  up  they  escape  the  ravages  of  the  disease.  The  ty- 
phoid bacillus  teaches  us  to  look  after  the  purity  of  our  water  supply,  and 
eitiee  and  individuals  who  heed  the  lesson  escape  the  disease.  Perhaps 
the  tubercle  bacillus  may  teach  us  to  clean  up  our  cities  and  our  homes 
and  meeting  places;  it  may  teach  us  the  use  of  pure  air.  But  if  tubercu- 
losis is  a  friend  of  the  race,  it  needs  watching  as  fire  needs  watching;  like 
it,  it  may  be  an  exceedingly  bad  master. 

We  must  look  at  the  pre-tubercular  stage  in  the  light  of  a  warning 
to  get  out  of  the  dusty  and  smoky  city ;  the  aclies  and  pains  and  the  coughs 
and  colds  may  subside  very  promptly  in  good  air.  If  the  individual  re- 
mains in  the  city  the  disease  sets  in  in  earnest,  to  attack  the  lungs,  and 
then  It  generates  hope,  and  the  victim  wants  to  be  up  and  about.  And 
be  should  heed  tlie  additional  warning  before  it  is  too  late ;  he  should  not 
lie  about  tlie  house  or  the  dusty  city ;  he  should  go  out  into  "God's  green 
country"  and  into  the  sunshine  and  pure  air. 

When  a  man  has  an  acute  alimentary  tract  affection,  not  to  say  dis- 
ease, nature  takes  away  his  appetite  and  makes  him  gloomy ;  he  lies  about 
and  refuses  food,  tlius  imitating  the  lower  animals;  if  he  persists  in  eat- 
ing she  sends  a  violent  i»ain  and  he  will  probably  desist.  Nature  wants  no 
food  and  no  work  to  do  w^ith  an  impaired  alimentary  tract;  she  wants 
rest.  Just  as  a  broken  bone  wants  rest  to  repair  the  damage.  Men  who  heed 
the  warnings  of  nature,  the  little  aches  and  pains  that  tell  them  to  do 
this  and  avoid  that,  are  apt  to  live  longest ;  the  chronic  invalid  who  takes 
care  of  himself  may  live  on  to  old  age,  while  the  so-called  strong  or  robust 
man  who  never  has  an  ache  or  a  pain,  no  warnings  from  nature,  may  go  to 
pieces  all  at  once  and  prematurely. 

The  aches  and  pains  of  the  pre-tulwrcular  stage  of  consumption  should 
be  heeded,  and  the  hope  generated  by  the  disease  itself  should  be  acted 
upon;  nature  is  showing  the  way.  The  elimination  of  the  Imprudent,  and 
of  those  not  adapted  to  their  surroundings,  has  been  going  on  for  countless 
ages.  I>i8eases  have  killed  off  our  weak,  and  the  process  still  continues. 
Our  Indians  scarcely  came  within  the  range  of  disease  elimination;  their 
life  was  not  conducive  to  the  f)ropngation  of  diseases,  c»ertainly  not  of  tu- 
l»erculosis.     When  the  white  man  brought  in  tul>erculosis  the  Indian  was 
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scarcely  attacked  so  long  as  he  lived  under  old  time  conditions,  an  active 
out-door  life ;  but  when  he  tried  to  live  under  white  man's  conditiomi,  in  a 
fixed  home,  he  promptly  hegsia  to  fail  and  is  still  failing — ^just  as  the  negro 
fails  when  he  crowds  into  the  cities,  and  as  the  Italian  fails  who  comes  to 
our  cities  from  the  pure  air  of  his  mountain  home.  We  may  say  the  Ital- 
ian is  degenerate,  that  he  has  no  stamina,  but  that  does  not  explain  his 
susceptibility,  no  more  than  to  say  the  Chinaman  is  degenerate  because  he 
can  live  under  filth  conditions  that  the  white  man  can  not  bear.  The  Jews 
coming  from  the  old  Euroi)ean  cities,  where  their  ancestors  have  for  a  long 
time  lived  in  the  ghettos  and  under  extremely  unsanitary  conditions,  are 
quite  resistent  to  attaclcs  of  tuberculosis;  thoy  are  simply  the  survival  of 
the  fittest ;  the  Jew  whose  ancestry  goes  back  to  the  open  country,  to  a  pure 
air  life,  can  not  hold  up  alongside  the  other,  for  his  ancestors  have  not  un- 
dergone the  elimination  process. 

Tuberculosis  is  a  protest  against  bad  air  conditions.  We  ought  to  be 
the  healthiest  and  strongest  people  on  the  face  of  the  earth ;  land  Is  abun- 
dant and  fertile,  we  have  no  years  of  famine,  men  are  not  tied  down  as  in 
the  old  world ;  the  poor  food  of  Europe  and  the  long  hours  of  toil  are  un- 
known among  us ;  at  least  there  is  no  valid  reason  why  long  hours  should 
be  required.  In  spite  of  these  conditions  tuberculosis  is  on  the  increase 
among  us,  whereas  in  some  European  cities  there  is  a  decrease.  Why 
should  this  t>e  so? 

If  we  write  out  statements  of  conditions,  one  line  for  clean  Eur<^)ean 
cities  and  another  Hue  for  American  city  conditions,  and  make  an  equation 
by  canceling  conditions  that  eciual  each  other,  we  have  left  the  polluted 
air  condition  or  factor;  it  oft'sets  all  our  advantages. 

Many  individuals  can  tlirive  in  the  air  of  our  cities  today,  others  fail; 
thousands  fail  every  year.  Many  contract  the  disease  in  the  city  and  go  to 
the  country  to  die;  many  die  from  city  diseases,  other  than  tuberculosis 
and  pneumonia,  traceable  to  bad  air  conditions. 

Shall  we  let  bad  air  conditions  go  on,  or  even  get  worse,  as  they  seem 
to  be  doing,  and  sliali  we  let  countless  thousands  die  in  tlie  unceasing  pro- 
cess of  adaptation  to  environment,  or  sliall  we  attempt  to  modify  the  ab- 
normal environment  and  allow  these  thousands  to  live?  We  are  told  that 
tuberculosis  is  a  curable  disease,  and  that  it  is  a  preventable  disease.  It 
is  an  introduced  disease  which  we  have  allowed  to  flourisn  unhindered.  It 
is  a  disease  that  flourishes  only  under  certain  surroundings.    We  can  make 
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TUBERCULOSIS  IN  INDIANA. 

Primeval  conditions. 

Ground  covered  by  vegetation — no  dust.     Indian  had  no  name 
for  dust. 

Outdoor  life  not  conducive  to  tlie  propagation  of  tuberculosis. 

Coming  in  of  the  white  man,  minus  his  weak,  feeble  and  Sick. 

Clearing  of  the  ground,  formation  of  dust ;  Indian  applied  name 
of  ashes  to  it 

Building  of  cabins  and  houses,  formation  of  house  dust. 

Coming  in  of  the  feeble  and  sick ;  cared  for  in  houses. 

Advent  of  tuberculosis. — Tubercle  bacillus. 

Tuberculosis  picking  out  the  weak  and  those  living  indoors. 

Settling  up  of  the  country,  building  of  roads — formation  of 
road  dust. 

Villages  as   factors,   increased   facilities   for   distributing  the 
disease.  . 

The  village  store,  farmers  crowded  about  the  stove  in  winter, 
a  factor. 

Schools,  churches,  meeting  halls,  factors  in  polluted  air. 

Development  of  the  tobacco  chewing  habit,  an  important  factor 
— spitting. 

Development  of  town   conditions,  shops  and  trades,   confine- 
ment of  men  Indoors. 

Coming  of  the  railroads  and  filthy  cars  and  plush  seats. 

Development  of  city  conditions — city  dust. 

Smoke  from  coal ;  paved  streets  and  sidewalk  dust. 

Street  cars  as  factors,  crowding  and  bad  air. 

Tenements  and  fiats,  iwor  ventilation  and  little  sunlight. 

The  trailing  dress  an  important  fitctor,  filth  dragged  into  the 
home. 

Advent  of  the  city  slums,  increase  of  poverty  and  neglect 

Blunting  of  sensibilities  by  the  use  of  alcohol,  opiates  and  ano- 
dynes. 

Continued  increase  of  tuberculosis. 
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these  surroundings  unfavorable  for  the  disease;  but  It  takes  a  combined 
effort,  the  individual  is  powerless. 

Malaria  is  disappearing  because  the  conditions  favorable  for  its  exist- 
ence are  disappearing;  the  opposite  is  true  of  tuberculosis.  Moreover, 
quinine  both  prevents  and  cures  malaria,  and  pure  air  prevents  and  cures 
tuberculosis.  Whisky  and  calomel  were  popular  prescriptions  for  ma- 
laria, neither  cured;  whisky  and  cod  liver  oil  are  popular  prescriptions 
for  tuberculosis  today,  yet  neither  cure,  neither  singly  nor  combined. 

The  administration  of  whisky,  or  of  alcohol  in  any  form,  may  be  fol- 
lowed by  a  sense  of  well-being  in  tuberculosis,  and  in  dust  infection  gen- 
erally, and  that  is  the  reason  why  alcoholic  preparations  are  so  popular 
and  so  widely  advertised  as  cures.  But  the  sense  of  well-being  is  a  false 
sense  of  security;  to  benumb  tiie  body  and  reduce  the  pain,  the  pain  by 
which  nature  warns  us,  is  poor  treatment.  As  a  matter  of  fact,  alcohol  is 
still  one  of  the  great  eliminators  of  the  human  race ;  if  we  are  wise  we  will 
avoid  using  it 

Over  fifty  years  ago  one  of  the  pioneer  physicians  of  Eastern  Indiana 
wrote  of  the  changes  he  had  observed  in  his  community  and  in  the  State ; 
he  said:  ^'Phthisis,  pneun&onia  and  bronchitis  are  believed  to  be  on  the 
increase.  Whether  this  is  due,  in  any  degree,  to  improved  modes  of  living, 
such  as  tight  houses,  the  general  use  of  stoves,  a  less  constant  exercise  in 
the  open  air,  etc.,  it  would  be  interesting  to  know."  Today  we  know.  Fifty 
years  ago  conditions  in  Indiana  were  quite  primitive  compared  with  con- 
ditions seen  in  our  cities  today,  and  yet  the  gradual  increase  of  dust  dis- 
eases was  being  noticed.     (Tuberculosis  in  Indiana,  page  45.) 

(The  chart  of  the  evolution  of  different  kinds  of  dust  will  explain  it- 
self.)    (Dust  chart,  page  47.) 

Tuberculosis,  known  also  as  phthisis  and  consumption,  is  among  us; 
it  came  in  with  other  diseases;  it  came  in  like  some  of  the  weeds  of  the 
fields.    How  soon  will  we  make  any  attempt  to  get  rid  of  it? 

Our  State  Board  of  Health  has  been  and  is  an  important  agent  in  dif- 
fusing a  knowledge  of  diseases  and  of  disease  prevention  among  our  people, 
and  the  recent  establishment  of  laboratories  for  identifying  diseases  and 
for  testing  the  purity  of  foods  and  drinks  is  of  the  greatest  importance. 

Physicians  have  I)een  the  prime  movers  in  the  establishment  of  tliese 
evidences  of  civilization,  but  it  has  been  a  long  fight 

I  am  glad  to  see  several  t)apers  on  the  program  of  our  Academy  this 
year  that  bear  on  the  subject  of  sanitation ;  there  have  been  some  in  the 
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past,  and  I  hope  to  see  more  in  the  f utnre ;  i)erhap8  they  could  be  grouped 
under  a  separate  head,  that  of  Sanitary  Science. 

Our  Academy  has  a  committee  on  "Legislation  for  the  Restriction  of 
Weeds."  The  popular  conception  of  a  weed  is,  a  plant  growing  in  the  gar- 
den or  field  or  meadow,  of  a  plant  out  of  place  and  more  or  less  resisting 
destruction  at  the  hands  of  man.  That  some  plants  grow  on  and  in  the 
human  body,  and  in  animals  as  well,  is  not  so  well  known.  The  thought 
has  suggested  Itself:  Perhaps  the  scope  of  this  committee  could  be  en- 
larged by  taking  accoimt  of  the  minute  weeds  of  the  body.  I  would  like 
to  see  the  title  of  this  connulttee  read  "liCgislatlon  for  the  Restriction  of 
Weeds  and  Diseases."* 

STATE  HOSPITAL  FOR  TUBERCULOSIS. 

In  conclusion  I  desire  to  make  a  few  remarks  concerning  the  establish- 
ment of  a  State  institution  for  the  treatment  of  tuberculosis. 

Modem  medicine  concerns  itself  more  and  more  with  disease  preven- 
tion, in  the  individual  and  in  the  community.  To  give  relief  from  disease 
and  affliction  has  always  been  the  aim  and  the  practice  of  the  physician, 
but  so  long  as  the  active  causes  of  diseases  and  the  modes  of  their  trans- 
mission were  unknown,  little  could  be  done  in  disease  prevention.  The 
good  Samaritan  still  has  a  place,  Init  the  physician  who  today  is  only  a 
Samaritan  in  binding  up  wounds  and  who  makes  no  effort  to  prevent  the 
infliction  of  wounds,  or  who  treats  diseases  and  makes  no  effort  to  prevent 
the  propagation  of  diseases. — such  a  physician  does  not  fully  represent 
modern  medicine. 

Modem  medicine  knows  much  al)out  disease  prevention.  If  the  knowl- 
edge were  only  applied.  Intelligence  counts  for  much.  The  intelligent  of 
a  community  often  avoid  much  sickness,  whereas  the  ignorant  suffer ;  some 
of  the  latter  are  kept  in  a  state  of  poverty  on  accoimt  of  their  lack  of 
knowledge  of  diseases  and  disease  prevention.  As  people  become  better 
educated  in  sanitary  science  and  in  hygiene,  they  will  require  more  of  their 
physicians.  The  high  school  graduate  who  has  studied  the  human  body  in 
health  and  In  disease  Is  not  apt  to  bo  a  purchaser  of  quack  medicines,  or  to 
consult  an  liniorant  physician,  much  less  one  who  has  to  herald  his  ac- 


^On  the  day  following  this  sugflrestion.  the  chnirman  of  the  above  committee  made  » 
motion  to  enlarge  this  committee  by  adding  two  men  who  nre  physicians  and  changing  the 
title  M  suggested;  the  motion  waa  carried  without  a  dissenting  voice. 
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oomplisbments  in  advertisements  in  tlie  newspapers.  Much  is  to  be  ex- 
pected from  tlie  teaching  of  sanitary  science  in  our  schools. 

Since  it  was  discovered  that  tuberculosis  is  a  curable  disease,  a  num- 
ber of  countries  and  States  have  established  institutions  where  such  sick 
can  be  treated.  Germany  leads  in  tiiis  work.  Some  of  the  institutions  are 
tent  colonics  in  the  forests.  Out-of-door  life,  plain  food  and  drink,  pure 
air,  little  or  no  medicine,  that  is  all  that  is  required.  The  nostrums  ad- 
vertised in  the  newspapers  are  of  no  value.  Nature  simply  needs  a  chance 
to  correct  the  difficulty.  When  the  disease  has  once  fully  taken  hold,  little 
is  to  be  expected  from  any  form  of  treatment,  and  only  too  often  the  real 
nature  of  the  disease  is  not  recognized  until  it  is  too  late.  It  is  possible 
to  recognize  the  early  stages  of  tuberculosis,  and  that  is  the  time  for  be- 
ginning treatment;  beginning  in  the  pre-tubcr<»ular  stage  is  still  better. 
With  flames  bursting  from  every  window,  w(»  do  not  look  for  the  firemen 
to  save  the  building,  but  we  rather  expect  it  of  them  when  they  arrive  at 
the  stage  of  much  smoke  and  a  tiny  flame. 

There  are  at  least  25,000  individuals  afflicted  with  tuberculosis  in  our 
State  today,  and  5,000  die  annually  in  Indiana  from  this  disease;  in  addi- 
tion many  die  from  pneumonia  and  other  respiratory  diseases,  and  of  af- 
fections dependent  on  a  polluted  atmosi)here.  Shall  we  imitate  Germany 
and  a  number  of  our  sister  States  and  attempt  to  save  these  lives,  or  shall 
we  let  disease  elimination  go  on  unhindered?  Sooner  or  later  the  process 
of  elimination  will  reach  our  own  families,  it  may  roach  us  individually. 

But,  you  "may  say,  it  will  require  an  immense  institution  to  take  care 
of  so  many  sick.  So  it  would  if  all  were  to  be  admitted,  but  we  can  at 
once  exclude  those  who  are  mortally  ill  and  who  can  not  recover,  and  if  we 
also  exclude  those  who  are  able  to  pay  for  treatment  at  a  private  institu- 
tion, the  numl)er  would  be  considerably  reduced.  We  need  scarcely  con- 
sider the  argiunent  that  if  the  State  allows  its  citizens  to  get  sick  from 
preventable  disease,  it  should  also  take  care  of  those  sick. 

As  a  matter  of  fact  many  institutions,  even  State  institutions,  can  not 
take  care  of  more  than  a  hundred,  or  at  most  a  few  hundred  of  the  acutely 
sick.  What  then,  you  say.  is  the  use  of  attempting  to  save  the  few  and  let 
the  many  j^rish?  That  is  one  way  of  looking  at  it.  But  if  we.  look  at  a 
State  Ho8i)ital  as  being  a  school  for  missionaries  in  the  cause  of  pure  air 
and  right  living,  we  get  a  different  conception  of  the  problem.  It  is  not  a 
question  of  saving  a  few  out  of  the  many  lives  now  going  to  waste  and 

4— A.  or  SciiNci. 
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leaving  behind  a  trini  of  desolution,  but  it  is  a  question  of  trying  to  bring 
about  a  change,  in  arresting  the  increase  of  the  disease  in  our  State.  Every 
man  and  every  woman  who  returns  from  such  an  institution  would  be  a 
missionary  in  the  cause  of  pure  air  and  right  living — and  we  need  such 
missionaries  more  than  do  the  heathen. 
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A  State  Natural  Park, 


Fred   J.   Breeze. 


I*rliiieval  ludiuua  lias  passed  away.  The  great  forest-covered  plains 
are  now  bare,  and  divided  into  cultivated  fields.  The  wild  animals,  like 
the  bison,  bear  and  deer,  have  gone  with  the  forests;  while  numerons 
species  of  birds  and  other  small  animals  have  also  disapi)eared.  Our 
strejims  have  lost  their  purity  and  wild  beauty ;  some  have  been  fouled 
with  sewage,  while  others  have  been  dredged  and  straightened  into  arti- 
ficial drainage  channels.  Thousands  of  marshes  and  hundreds  of  lakes 
have  been  drained,  and  cultivation  of  the  soil  has  destroyed  thousands  of 
the  smaller  forms  of  plant  life. 

Not  all  of  these  changes  are  desirable,  neither  are  they  all  necessary, 
yet  the  destruction  of  natural  features  will  continue;  and  it  seems  that 
the  time  is  not  far  away  when  Indiana  will  be  nothing  but  a  vast  expanse 
of  farms  and  cities,  and  man,  having  humanized  everything,  will  be  sur- 
rounded by  a  surfeit  of  artificial  features,  the  only  fauna  and  flora  being 
the  domestic  animals  and  plants. 

Some  Intelligent  work  ought  to  be  done  to  stop  the  useless  destruction 
of  the  wild  forms  of  nature.  Many  natural  conditions  still  existing  ought 
to  be  preserved,  and  others  now  gone  but  still  redeemable  ought  to  be  re- 
stored before  it  is  too  late.  Every  farm  has  some  little  corner  of  ground 
which  is  not  tillable  and  this  should  be  given  over  to  nature.  Here,  trees, 
HOrubs  and  flowers  may  grow  in  freedom,  and  birds  and  small  ground  ani 
mals  find  safe  retreat.  Every  county  should  have  a  small  reserve  or  na- 
tural park.  Such  an  area  could  well  serve  as  a  small  forest  reservation, 
as  well  as  a  place  wliere  a  rich  plant  and  animal  life  could  safely  exist. 

But  to  maintain  an  area  in  which  natural  or  primitive  conditions 
could  exist  on  a  sufficiently  large  scale  we  need  a  natural  park  under  tlie 
control  of  the  State.  It  should  be  several  square  miles  in  area,  and  should 
he  in  the  northern  part  of  the  State,  so  that  it  might  include  a  lake  within 
its  limits.  Its  size  and  shape  should  make  it  possible  not  only  to  have  a 
lake,  but  a  stream  basin  drained  by  the  lake.  Into  this  park  should  be 
placed  the  wild  animals  that  formerly  lived  in  tliis  State.     Here  animals 
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and  plants  could  live  under  perfei'tly  natural  conditions.  The  park  could 
serve  for  many  scientific  purposes.  In  it  the  Department  of  Fisheries  and 
Game  could  carry  on  experiments  in  fish  and  game  culture.  After  a  few 
years  It  would  be  the  best  possible  place  for  a  Biological  Station.  It  would 
also  be  Just  the  place  for  the  field  meetings  of  the  Academy  of  Science.  It 
is  not  necessary  at  this  time  to  go  into  details  concerning  its  character, 
management,  and  purposes,  but  only  to  suggest  a  few  of  these  things. 

Such  a  reserve  would  be  a  little  part  of  the  "Indiana  of  Nature"  pre- 
served for  the  pleasure  and  profit  of  the  people  for  all  time  to  come.  If 
the  members  of  the  Academy  become  convinced  of  its  value  and  will  co- 
operate to  educate  public  opinion  toward  this  end,  a  State  Natural  Park 
ckn  be  secured  within  the  next  decade. 
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Thb  Drainage  Area  of  the  East  Fork  of  White  River. 


Charles  W.  Shannon. 


t«i 


'Every  river  appears  to  consist  of  a  main  tninls,  fed  from  a  variety 
of  branclies,  eacli  running  in  a  valley  proportioned  to  its  size,  and  all  of 
them  together  forming  a  system  of  valleys,  communicating  with  one  an- 
other, and  having  such  a  nice  adjustment  to  their  declivities  that  none  of 
them  join  the  principal  valley  either  at  too  high  or  too  low  a  level,  a  cir- 
cumstance which  would  be  infinitely  improbable  if  each  of  these  valleys 
were  not  the  work  of  the  streams  flowing  through  them."* 

Streams  are  among  the  most  im(X)rtant  agencies  which  give  form  and 
expression  to  the  surface  of  the  land.  The  study  of  streams,  therefore, 
involves  to  a  great  extent  the  consideration  of  the  nature  and  origin  of 
many  topographic  forms — hills  and  mountains,  plains  and  valleys — and 
the  changes  they  pass  through. 

Every  person  is  familiar  with  the  manner  in  which  the  rainwater 
that  falls  is  gathered  into  rills,  rivulets  and  brooks,  which  unite  to  form 
larger  rivers.  Every  one  is  aware,  also,  that  streams  are  turbid  after 
heavy  rain.  Yet  comparatively  few  people  have  thought  of  the  work  and 
change  upon  the  surface  of  the  land  which  is  done  by  even  the  smallest  of 
the  rills  and  all  along  the  course  of  the  river ;  nor  have  they  thought  that 
the  smallest  rill  down  the  hill  slope  or  along  the  roadside  is  adding  to  the 
work  of  the  large  streams,  or  adding  to  the  extent  of  the  drainage  area  of 
the  stream. 

The  drainage  area  of  a  stream  is  the  land  area  which  is  drained  by 
the  main  stream  and  all  its  tributaries — and  the  tributaries  of  the  tribu- 
taries. 

The  drainage  area  of  the  East  Fork  of  White  River  is  composed  of  the 
western  central  and  southern  part  of  Indiana,  including  the  greater  part 
of  twenty-five  of  the  ninety-two  counties  of  the  State,  and  a  total  of  about 
7,000  square  miles,  or  a  little  less  tlian  one-fifth  of  the  total  area  of  In- 
diana. This  area  is  mapped  out  in  full  on  the  accompanying  map,  with 
the  exception  of  a  few  counties  lying  to  the  north  of  the  area  shown. 


*Illa8tratioDf  of  the  Hattionian  Theory  of  the  Earth;  by  John  Play  fair. 
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The  geological  conditions  of  the  country  greatly  Influence  the  course 
and  action  of  streams.  The  heavy  curved  line  across  the  map  represents 
the  southern  limit  of  the  ice  sheet.  Thus  ttiis  drainage  area  is  partly  in 
the  glaciated  and  partly  in  the  unglaciated  portion  of  the  State.  It  is  in 
the  unglaciated  region  that  we  have  the  most  picturesque  scenery.  The 
entire  area,  subjected  to  the  processes  of  weathering  and  stream  erosion 
for  millions  of  years,  was  maturely  dissected  into  a  complex  network  of 
valleys,  ridges  and  isolated  hills.  Over  this  surface  the  ice-sheet  passed 
several  times,  extending  as  far  as  the  lM)undary  sliown.  Its  effect  was  to 
smooth  off  tlie  hills,  All  up  the  valleys  and  to  leave  the  surface  covered 
over  with  a  great  mass  of  loose,  foreign  material  from  the  northern  re- 
gions. Sin(«  glacial  times  tlie  streams  liave  to  some  extent  removed  the 
loose  material  from  some  of  the  old  valleys  and  are  forming  a  system  of 
new  drainage  in  the  surface  of  the  drift.  Geologically  si)eaking,  this  glacial 
accumulation  is  of  very  riH'ent  origin  and  the  streams  seem  to  have  made 
only  a  small  beginning  in  the  work  they  will  be  able  to  i)erform. 

An  accurate  toi>ographic  map  of  the  drainage  area  would  show  the 
contrast  in  the  physical  features  of  the  glaciated  and  unglaciated  portions 
better  tlian  any  other  description  or  illustration  that  could  be  given  to  a 
person  who  had  not  been  over  the  area  to  investigate  the  contrast.  In  the 
glaciated  area  the  contour  lines  would  run  in  large  regular  curves  and 
far  apart,  showing  the  smoothness  and  regularity  of  the  surface.  South 
of  the  drift  limit  the  lines  would  be  very  close  together,  with  a  very  wind- 
ing course  and  sharp  curves,  showing  a  region  of  deep,  narrow  valleys,  ir- 
regular divides  and  abrupt  cliffs. 

In  attempting  to  work  out  the  geographic  history  of  an  area  whose 
drainage  has  been  arrested  by  the  invasion  of  an  ice-sheet,  we  find  that 
the  story  of  the  life  resolves  itself  into  four  fundamental  parts.  First: 
What  are  the  toiwgraphic  charactet'istics  of  the  area  during  the  pre- 
glacial  history.  Second:  What  changes  took  place  during  tiie  glacial 
history.  Third:  What  has  happened  since  the  disappearance  of  the  Ice- 
sheet  ;  its  post-glacial  history.  Fourth :  What  was  the  effect  produced 
by  the  alwve  events  on  the  unglaciated  parts  of  the  area. 

It  is  doubtful  if  the  entire  glacial  area  in  Indiana  was  covered  by 
tlie  ice-sheet  at  any  one  time.  At  its  extreme  limit  the  ice  deposited  but 
little  drift;  and  as  a  rule  there  is  not  a  well-defined  ridge  of  drift  along 
the  glacial  boundary,  though  some  drift  is  to  be  seen — as  in  Chestnut 
Ridge,  in  .lackson  County,  and  a  similar  ridge  in  southern  Morgan  County, 
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From  the  east  border  of  the  river,  a  few  miles  below  Columbus,  northeast- 
ward to  Whitewater  valley,  in  southern  Fayette  County,  there  Is  a  well- 
defined  ridging  of  drift  standing  twenty  to  forty  feet  above  the  border 
tracts.  Upon  crossing  Whitewater,  the  border  leads  southeastward  and  is 
not  so  well  defined  as  west  of  the  river,  though  there  is  usually  a  ridge 
about  twenty  feet  high. 

From  the  north  line  of  Jackson  Coimty,  following  the  boundary  around 
to  the  west  and  south,  it  is  in  many  places  hard  to  trace  as  a  well-deflned 
line.  The  ice-sheet  nmst  liave  been  very  thin,  since  the  topography  shows 
little,  if  any,  modification.  In  many  places,  however,  heavy  beds  of  gravel 
and  till  lie  against  the  hill  slopes  to  the  north  and  east.  Many  large 
granite  Iwwlders  are  also  piled  up  along  the  hillsides  and  scattered  along 
tlie  streams.  In  this  area  in  tlie  counties  of  Hendricks,  Rush,  Johnson, 
Shelby,  Henry.  Decatur  and  Randolph,  there  is  a  form  of  moraine  known 
as  '*l)owlder  belts."  long,  narrow,  curving  strips  of  countrj',  thickly  cov- 
ered with  large  bowlders.  Low,  winding  ridges  of  sand  and  gravel  parallel 
to  the  ice  movement  mark  the  course  of  a  sub-glacial  drainage  through 
Madison,  Hancwk,  Shelby  and  Bartholomew  counties.  The  longest  glacial 
drainage  channel  in  the  State  extends  from  Grant  County  to  White  River, 
in  Bartholomew,  but  it  is  not  now  occupied  by  any' one  continuous  stream. 
Most  of  the  streams  in  the  glacial  area  are  known  as  sand  and  gravel 
streams  and  afford  great  quantities  of  sand  of  economic  importance  and 
an  abundance  of  gravel  suitable  for  road  material  and  ballast.  In  several 
of  the  counties  are  oven;\-ash  aprons  in  which  the  sand  and  gravel  are 
spread  out  over  broad  areas. 

The  thickness  of  the  drift  over  the  State  varies  greatly,  the  greatest 
thickness  in  the  State  being  about  500  feet.  While  in  this  area  the  drift 
would  be  from  50  to  100  feet,  there  is  on  the  higher  points  but  a  thin  coat- 
ing, but  the  filled  valleys  make  a  higher  average.  It  is  the  glaciated  part 
of  the  area  that  is  of  importance  from  an  agricultural  standpoint.  The 
glacial  drift  is  a  very  productive  and  i)ermanent  soil,  and  can  not  be  sur- 
passed in  the  production  of  the  cereals,  while  the  l)luffs,  knobs  and  hills 
of  the  driftless  area  are  proving  to  be  favorable  for  the  growing  of  fruits. 

The  rocks  of  the  State  are  all  sedimentary,  and  in  the  area  here  dis- 
cussed were  laid  down  upon  the  bed  of  a  sliallow  sea  ro<'eding  to  the  south- 
west Thus  the  strata  dip  gently  to  the  soutlnvest,  at  the  rate  of  about  20 
to  40  feet  to  the  mile. 

In  the  State  there  are  six  different  geologi<*aI  iwriods  represented — the 
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Plelstoceue  (no  rock  outcrop),  the  Coal  Measures,  the  lower  Carboniferous 
or  Mississippian,  the  Devonian,  the  Silurian,  and  the  Ordivician  or  lower 
Silurian.  All  of  these  are  found  in  the  territory  of  this  drainage  area; 
and  of  the  twenty-five  or  more  formations  as  subdivisions  of  the  above- 
named  periods  there  are  at  least  eighteen  of  these  found  as  surface  out- 
crops in  this  area.  These  formations  may  be  listed  as  follows:  Merom 
Sandstone, — A  massive  coarse-grained  sandstone  lying  unconformably  on 
the  coal  measures.  It  furnishes  glass-sand  and  some  building  stone. 
Mansfield  Sandstone,  the  basal  member  of  the  coal  measures,  Is  a  medium 
to  coarse-grained  stone.  It  is  quarried  for  building  purposes  and  for  whet- 
stones and  grindstones.  Coal, — This  area  is  just  in  the  edge  of  the  Indiana 
coal  field.  The  coal  is,  therefore,  very  thin-bedded  and  is  mined  only  by 
drifting.  Shales. — ^The  shales  of  the  coal  measures  are  in  many  places 
from  25  to  40  feet  In  thickness,  and  arc  of  value  In  the  manufacture  of 
cement,  paving  brick  and  sewer  tile.  Associated  with  these  shales  In 
Martin,  Greene,  Lawrence  and  Orange  counties  are  considerable  deposits 
or  Iron  ore;  there  are  also  beds  of  fireclay  underlying  the  coal.  Huron. — 
This  consists  of  a  series  of  thin  bedded  limestones  separated  from  each 
other  by  shales  and  sandstones.  Mitchell  Limestone  consists  of  massive 
compact  layers  of  dark  blue  and  gray  limestone  with  Interbedded  Impure 
fosslliferous  limestone,  shales  and  chert.  Salem  Oolitic  Limestone. — ^The 
massive  fine-grained  stone  so  well  known  as  a  building  and  ornamental 
stone.  Hanodshurg  Limestone. — A  very  fosslliferous  limestone,  and  also 
contains  great  numbers  of  geodes  and  chert  In. the  lower  members.  Knob- 
stone. — A  series  of  shales  and  sandstones  reaching  a  thickness  of  more 
than  500  feet  This  formation  has  Its  western  outcrop  In  the  eastern  half 
of  Monroe  and  Lawrence  and  extends  to  the  east  as  the  surface  stone  for 
many  miles.  To  the  present  time  but  little  use  has  been  made  of  this 
group,  but  It  Is  growing  to  be  of  economic  Importance.  A'c^io  Albany  Shale. 
— A  persistent  underlying  brown  to  black  shale  at  the  top  of  the  Devonian 
System.  It  is  rich  in  bitumen  and  when  kindled  will  bum.  The  lamin- 
ated structure  and  Joints  are  shown  in  the  Illustration.  Hamilton  Oroup. — 
The  Sellersburg  and  Silver  Creek  limestones.  The  former  is  a  white  to 
gray  limestone,  rather  thin  bedded  but  persistent,  stretching  from  the  Falls 
of  the  Ohio,  north  through  Clark,  Scott,  JelTersou,  Jennings  and  Decatur 
counties.  The  Silver  Creek  lies  beneath  the  Sellersburg.  It  ranges  in 
thickness  from  15  to  IG  feet  In  the  Sliver  Creek  region  to  5  or  6  feet  in  the 
vicinity  of  Lexington,  In  Scott  County,  and  disappears  altogether  as  a  per- 
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sistent  formation  \n  the  northern  part  of  the  same  county.  Niagara 
Group, — ^I'he  member  of  the  group  found  In  this  region,  Is  a  soft,  massive, 
buff,  suli-orystalline  to  a  bluish-green,  shaly,  limestone,  with  a  character- 
istic bed  of  bluish-green  shale  several  feet  thick  at  the  base  of  the  forma- 
tion. Pleistocene, — The  area  deeply  covered  with  glacial  drift  and  having 
no  rock  outcrop. 

Triassic  to  Tertiary,  Inclusive. — "The  only  deposits  of  these  ages 
known  (with  the  possible  exception  of  the  Merom  Sandstone)  are  some 
gravels  found  on  certain  high  ridges  in  Martin  and  Perry  counties,  and 
IK)8Slbly  elsewhere.  These  are  outside  the  drift  area,  and  above  any  known 
stream  deposits  of  gravel.  Taken  in  connection  with  the  uniformity  of 
elevation  reached  by  the  highest  hills,  in  the  Mansfield  sandstone  area, 
the  Knobstone  area  and  the  Silurian  area  in  the  southern  part  of  the 
State,  it  has  been  suggested  by  Mr.  Frank  Leverett  of  the  United  States 
Geological  Survey,  that  at  least  southern  Indiana  was  reduced  to  base 
level  in  Tertiary  times.  In  that  case  the  present  and  pre-glacial  topog- 
raphy of  Indiana  would  date  from  some  time  in  the  Tertiary.  This  Ter- 
tiary erosion  might  also  account  for  the  absence  of  cretaceous  deposits,  if 
any  such  were  ever  laid  down  In  the  State.  Until  more  study  shall  have 
been  given  these  gravels  and  their  interpretation,  the  matter  of  this  para- 
graph must  be  considered  more  as  a  suggestion  than  as  a  demonstrated 
fact"*     (See  Report  State  Geologist  1872,  p.  138;  1897,  p.  22.) 

The  highest  point  in  the  State  is  in  the  southern  part  of  Randolph 
County,  which  at  the  highest  level  is  about  1,285  feet  above  sea  level.  It 
is  on  this  height  of  land  that  both  the  East  and  West  forks  of  White  River 
have  their  source.  The  C,  C,  C.  &  St.  L.  R.  R.  (Peoria  Div.)  passes  along 
this  divide  between  the  head  waters  of  these  streams.  The  West  Fork 
increases  in  volume  and  velocity  more  rapidly  than  the  East  Fork,  which 
reaches  its  destination  by  a  very  winding  course.  Its  length  is  greatly  in- 
creased and  its  slope  decreased  by  its  numerous  meanders,  but  it  is  still  a 
moderately  swift  stream.  After  reaching  the  unglaciated  area  the  direc- 
tion of  the  stream  is  greatly  influenced  by  the  joint  planes  in  the  geological 
formations.  The  main  streams  of  these  forks  grow  farther  apart  until 
they  reach  Shelby  and  Marlon  counties,  where  they  approach  each  other, 

Nori.— For  deseription,eompo8ition,  structure,  extent,  uiei,  etc.,  of  the  varioos  for- 
mations named  above,  see  ThomiMon,  17th  Ann.  Rep.,  pp.  3(M0;  Uopkini,  20tb  Ann.  Rep., 
1895,  pp.  188-S23;  Kindle,  29th  Ann.  Rep.,  pp.  329-368;  Uoplcini  and  Siebenthal  2lBt  Ann. 
Rep.,  1898,  pp.  291-427;  Blatchley  22d  Ann.  Rep..  1897,  pp.  1-23;  Aihley  23d  Ann.  Rep.,  1896; 
Siebenthal  2Sth  Ann.  Rept.,  1900,  pp.  330-99  ;  30th  Ann.  Rep.,  1906;  E.  R.  Cuminffi.in  Pro. 
Ind.  Academy  of  Science,  1905,  pp.  85-100. 
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then  again  turn  from  one  another  until,  in  the  western  part  of  Lawrence 
and  Martin  counties,  they  come  nearer  and  at  the  southwestern  comer  of 
Daviess  County  are  united  in  one  stream  at  an  elevation  of  about  425  feet. 
Both  forlts  are  fed  by  numerous  tributiiries,  which  produce  an  intricate 
drainage  system.  In  many  places  the  heads  of  these  tributaries  approach 
each  other  very  closely  and  have  in  some  cases  resorted  to  piracy.  It  is  ob- 
vious from  the  varying  character  of  the  valleys  and  the  terraces  which  bor- 
der them,  that  both  forks  suffered  many  disturbances  during  the  glacial 
period.  As  has  been  stated,  we  Iciiow  that  valleys  have  been  excavated  by  the 
streams  flowing  through  them,  and  it  is  also  true  that  the  terraces  beauti- 
fying their  sides  are  in  most  cases  due  to  the  same  agencies — that  is,  ter- 
races owe  their  origin  to  the  processes  of  corrosion,  or  of  deposition,  or  to 
both.  Many  of  the  terraces  are  due  principally  to  the  re-excavation  of  pre- 
glacial  valleys.  In  much  of  the  unglaciated  area  there  are  marks  of  sev- 
eral well-defined  drainage  levels.  The  region  ranges  in  elevation  from  150 
to  300  feet;  the  streams  cut  down  rapidly  from  the  upland,  then  run  off 
with  a  slight  gradient  through  deep  valleys  with  rather  flat  and  compara- 
tively wide  bottoms  and  very  steep  sides,  with  stepped  and  sloping  terraces 
with  gracefully  bending  curves  which  add  much  to  the  attractiveness  of  the 
valleys.  The  upper  terraces  are  formed  by  the  streams  cutting  down  through 
the  formations  of  the  original  table-lands.  The  lower  terraces  are  com- 
posed of  mixed  materials  of  the  higher  levels.  The  best  examples  of  these 
terraces  are  in  the  Salt  Creek  and  Clear  Creek  valleys,  and  in  the  prin- 
cipal valley  of  the  main  East  Fork  and  its  adjacent  side  valleys.  Some 
of  these  terraces  are  shown  in  the  illustrations. 

This  entire  drainage  area  affords  much  for  interesting  study  and  ex- 
ploration, but,  as  stated  above,  it  is  in  the  unglaciated  portion  that  is 
found  the  most  picturesque  scenery.  'I  he  diversified  physical  features  pro- 
duced by  the  processes  of  erosion  and  the  weathering  of  the  various  geo- 
logical formations  give  a  region  of  rugged  and  beautiful  scenery.  Some 
of  the  characteristic  and  marked  scenic  points  are  described  below. 

"Weed  Patch  Hill,"  in  Brown  County,  is  a  high  ridge  in  the  Knob- 
stone,  forming  the  divide  between  two  of  the  main  branches  of  Salt  Creek. 
At  its  highest  point  it  is  a  little  more  than  1,000  feet  in  elevation.  One  of 
the  illustrations  gives  a  view  looking  northwest  from  this  elevation  and 
gives  an  idea  of  the  Knob  toiwgraphy.  "Guinea  Hills"  is  a  ridge  rising  to 
a  considerable  elevation,  extending  in  a  northeast  and  southwest  direction 
through  the  southwest  part  of  Scott  and  the  northwest  part  of  Clark  coun- 
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ties.    These  hills  form  the  divide  between  the  tributaries  of  the  Muscata- 
tack,  one  of  the  chief  branches  of  the  East  Forlc.  and  the  headwaters  of 
Silver  Creelc,  which  flows  south  into  the  Ohio.    It  is  interesting  here  to 
note   that  water  falling  on   the   high   blnfTs   of  the   Ohio  near   Hanover, 
and  to  the  nortli  within  one  mile  of  the  river,  does  not  there  flow  into  the 
Ohio,  but  flnds  its  way  into  the  Mnscatatuck  and  the  East  Fork,  and  after 
covering  a  distance  of  more  than  300  miles  flows  into  the  Ohio  at  the  south- 
western  corner   of    Indiana.    The    ^'Haystacks'*    are  conical    shaped   hills 
which,  seen  from  a  distance,  have  the  appearance  of  haystacks;  these  are 
plentiful   in   the  central  part  of  Lawrence   County.    •*Rock   Houses"  are 
large  oi»ening8  between  and  under  large  rwk  masses  due  to  undercutting 
and  the  breaking  off  and  tilting  of  the  rocks.    "Honeycombs"  are  rock  sur- 
faces in  which  the  softer  parts  have  been  weathered  out,  giving  a  porous, 
honeycombed  appearance.     These  are  found  in  the  region  of  the  Oolitic 
Limestone  and  the  Mansfield  Sandstone.    One  of  the  most  interesting  spots 
to  visit  is  the  "Pinnacle,"  near  the  town  of  Shoals,  the  county  seat  of  Mar- 
tin County.     Here  a  high  ridge  of  Mansfield  Sandstone,  one  hundred  ninety- 
six  feet  alK)ve  tlie  level  of  the  stream,  terminates  abruptly  within  a  few 
yards  of  White  River.    Large  masses  of  rock  that  have  broken  off,  lie 
around  the  foot  of  the  ridge  in  every  position.    From  this  point  one  ob- 
tains a  good  view  of  the  character  of  the  toi)ography  of  this  region.    To 
the  northwest  of  this  ridge  the  formations  have  been  cut  through  by  dis- 
integrating forces,  and  there  has  been  left  standing  at  some  distance  from 
the  head  of  the  ravine  a  tall  mass  of  sandstone,  which  has  received  the 
name  of  "Jug  Rock,"  from  the  fancied  resemblance  to  an  old-fashioned  jug. 
On  the  upper  side  it  is  forty-five  feet  high  and  on  the  down-hill  side,  seventy 
feet  high ;  it  is  capiHjd  with  a  flat  projected  layer  of  harder  sandstone.    At 
the  south  of  the  dc*ep-wooded  ravine  is  the  "(41en,"  an  under-cut  sandstone 
cliff  with  an  intermittent  cascade.    Across  a  valley  to  the  north  is  "House 
Rock,"  a  large  sandstone  cave,  the  entrance  to  which  is  about  thirty-five 
feet  high,  and  the  main  room,  with  an  oi)ening  in  the  top,  is  very  much 
higher.     It  is  formed  princii)ally  by  the  tilting  of  large  rock  masses.    The 
sandstone  in  front  of  the  cave  is  weathered  into  an  elaborate  fretwork. 
Other  points  of  interest  as  one  goes  down  along  the  river  are  the  "Acoustic 
Rock,"   "Buzzard's  Roost,"   "Hanging  Rock,"   "Kitchen-middings,"   "Shell- 
bank,"  and  the  "Hindostan  Falls." 

In  Washington,  Lawrence,  Orange  and  Monroe  counties  the  subter- 
ranean drainage  has  an  important  place.    The  ground  water  working  along 
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the  point  plaues  and  on  the  more  soluble  parts  of  the  limestones  has  pro- 
duced a  great  variety  of  sink-holes,  caves  and  "lost  rivers."  The  sink- 
holes are  basin  shapi^d  depressions  many  feet  deep,  and  often  hundreds  of 
feet  in  diameter,  with  an  opening  at  the  bottom  which  leads  into  some  un- 
derground channel ;  in  some  cases  the  openings  have  become  filled  and  the 
water  is  held  in  the  basin.  In  many  places  a  stream  runs  into  these  holes, 
then  by  underground  passages  for  a  great  distance,  and  again  comes  to  the 
surface  in  the  form  of  springs.  Valleys,  sometimes  two  to  four  miles  in 
length,  are  drained  through  underground  channels.  This  gives  rise  to  a 
confusing  system  of  hills  and  valleys,  though  a  well-defined  drainage  may 
be  worked  out  which  in  itself  is  usimlly  made  up  of  sink-holes.  There  are 
many  pure  water  springs  in  this  region  and  also  many  springs  of  mineral 
waters.  The  best  known  of  these  are  the  French  Lick  and  West  Baden 
Springs,  Trinity  and  Indian  Springs.  I^st  River,  a  main  branch  of  the 
East  Fork,  through  Orange  and  Martin  counties,  has  many  "lost"  tribu- 
taries in  Orange  Comity.  The  numerous  caves  and  the  mineral  springs 
are  described  in  the  State  Geologist's  Reports  for  the  years  1806  and 
1901-02. 

The  greater  or  less  degree  of  uniformity  in  the  volume  of  the  river  in 
the  course  of  a  year  is  one  of  its  chief  physical  features  and  depends  very 
much  on  the  manner  in  which  the  water  supply  is  obtained.  The  streams 
of  this  area  depend  for  their  increase  wholly  upon  the  rains,  which,  oc- 
curring frequently  and  at  no  fixed  periods,  and  discharging  only  compara- 
tively small  amounts  of  water  at  a  time,  except  in  periods  of  the  heavy 
rainfall  of  several  days'  duration,  preserve  a  moderate  degree  of  uni- 
formity in  the  volume  of  the  streams.  This  uniformitj'  is  aided  by  the 
fact  that  under  normal  conditions  only  about  one-third  of  the  rainfall  finds 
its  way  directly  over  the  surface  to  the  streams,  the  remaining  two-thirds 
sinking  into  the  ground  and  finding  its  way  to  springs,  reservoirs,  or  gradu- 
ally oozing  thmugh  at  a  lower  level  until  the  soil  becomes  drained  of  its 
surplus  moisture,  a  process  which  continues  for  weeks  and  helps  to  keep 
up  the  volume  of  the  stream.  But,  on  the  other  hand,  man  has  done  a  great 
deal  to  destroy  the  uniformity  of  the  volume.  By  the  removal  of  the 
forests,  the  cultivation  of  the  soil,  and  the  use  of  ditches  for  drainage,  a 
greater  part  of  the  water  is  at  once  thrown  into  the  stream  and  greater 
fluctuations  oc*cur.  Owing  to  the  streams  being  hemmed  in  l>y  lofty,  ab- 
rupt cliffs,  which  resist  the  free  passage  of  the  swollen  streams,  and  the 
velocity  being  checked  by  winding  courses,  greater  floods  occur  from  the 
same  amount  of  rainfall  than  formerly. 
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Stbps  in  thb  Development  of  a  Smokeless  City. 


W.  F.  M.  Go8S. 


1.  The  Prenencc  of  Smoke  In  those  cities  of  our  country  whicli  are 
within  easy  reacli  of  Its  soft  coal  mines  is  becoming  more  serious  every 
year.  People  are  beginning  to  uuderstnnd  that  this  smoke  which,  in  earlier 
days,  was  welcomed  as  evidence  of  a  city's  growth,  and  of  its  industrial 
prosperity,  Is,  in  fact,  a  source  of  heavy  expense  to  all  of  its  citizens.  The 
annual  smoke  bill  of  such  a  city  as  Indianapolis  Is,  in  fact,  enormous! 
This  arises,  not  from  the  loss  of  fuel  or  heat  in  the  form  of  smoke,  for 
that  is  so  small  as  to  be  almost  negligible,  but  in  the  damage  which  is 
wrought  by  its  presence,  upon  the  architectural  embellishment  of  the  city, 
upon  the  fixtures  and  furnishings  of  its  homes,  and  upon  the  apparel  of  its 
citizens.  Ix>ss  also  occurs  through  the  extensive  use  of  artificial  light 
which  the  presence  of  smoke  enforces,  and  because  of  its  eflTect  upon  the 
welfare  of  those  from  whom  it  shuts  out  the  sunlight  and  takes  away  the 
purity  of  the  atmosphere. 

Tlius  far  urban  connnunities  have  sought  to  protect  themselves  through 
prohibitive  legislation,  with  the  result  that  while  flagrant  abuses  have 
sometimes  been  abated,  the  atmosphere  of  the  city  as  a  Avhole  has  not  ma- 
terially improved.  It  is  doubtful  if  such  legislation,  unsupi)orted  by  cor- 
rective measures  which  are  broadly  co-operative,  can  ever  be  made  an  ef- 
fective instrument  in  the  alx>lition  of  smoke.  The  problem  is  one  of  many 
complications  and  its  solution  can  only  be  reached  through  action  based 
upon  a  full  understanding  of  dilficulties  to  be  overcome. 

2.  77* e  ISourcea  of  8 woke  in  cities  may  Ixj  separated  into  five  different 
groups.  ea<'h  of  which  will  require  different  treatment  They  are  as  fol- 
lows : 

1.  Large   furnace   fires   such   as   are   employed   in   metallurgical 

processes. 

2.  Large  boiler  plnnts,  l)y  wliich  is  meant  all  plants  in  excess  of 

fiOU  horse-power. 

3.  Small  boiler  plants  and  small  industrial  fires. 

4.  Domestic  fires. 

5.  Ix)comotive  fires. 
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Ac*oeptlng  this  classification  as  a  convenient  one  for  tlie  purpose  in 
liand,  we  may  inqnlre  as  to  the  process  by  which  the  smoke  noAv  bein& 
delivered  by  eacli  of  the  several  groups  is  to  be  eliminated. 

3.  Large  Fires  Such  as  Arc  Employed  in  Metallurgical  Processes, 
Except  in  a  few  cities,  of  which  Pittsburg  is  the  best  type,  the  proportion 
of  the  total  smoke  delivered  from  such  fires  is  small.  In  the  city  of  Indi- 
anapolis, for  example,  it  is  exceedingly  small.  Moreover,  the  managements 
of  industries  using  such  fires  are,  in  many  cases,  finding  increased  efliciency 
in  oi^eration  by  the  installation  of  gas  producers  which  receive  the  coal  and 
deliver  highly  heated  gas  for  use  in  the  furnaces.  The  gas  producer  makes 
smokeless  the  process  of  converting  coal  into  heat.  As  its  use  under  a  wide 
range  of  conditions  will  result  in  economy  in  operation,  no  injury  would 
be  done  by  the  prohibition  of  smoke  from  all  fires  which  might  properly 
be  served  by  producer  gas,  provided  a  reasonable  period  is  allowed  be- 
tween the  passage  of  the  prohibitive  ordinance  and  its  going  into  effect. 
Fires  of  this  group  which  can  not  be  thus  treated  In  such  cities  as  In- 
dianapolis will  be  so  few  that  their  effect  will  be  negligible. 

4.  Large  Boiler  Plants,  The  supjjression  of  smoke  from  fires  of  this 
class  by  the  adoption  of  a  suitable  automatic  stoker,  will  effect  an  economy 
in  operation,  hence  owners  will  not  seriously  object  if  they  are  required, 
after  suita'ble  notice,  to  so  equip  their  plants.  An  ordinance  reipiiring  all 
boiler  plants  of  more  tlmu  500  horse-power  to  be  thus  equipped  within  throe 
years  of  the  date  of  its  passage  would  not  be  unreasonable. 

5.  timall  Boiler  Plants  and  Small  Industrial  Fires,  Referring  first 
to  boiler  plants,  it  should  be  noted  that  the  fires  of  this  group  are  or- 
dinarilj*  prolific  sources  of  smoke.  Hollers  of  100  horse-i)ower  or  less  are 
all  over  the  modern  citj'.  Generally  siwaking,  no  economy  can  result  from 
the  application  of  automatic  stokers  to  these  small  boiler  plants  and  hence 
owners  can  not  l)e  infiueuced  to  add  to  their  fixed  charges  in  the  expecta- 
tion of  securing  a  money  return.  The  re^iuirement  that  such  furnaces  em- 
ploy anthracite  coal,  coke,  or  other  smokeless  fuel,  would  in  all  cases  work 
serious  hardship  and  in  many  cases  it  would  be  prohibitive.  The  Avisest 
and  most  effective  course  to  follow  with  reference  to  such  fires  Is  to  pro- 
vide a  satisfactory  substitute,  then  abolish  them.  So  far  as  such  plants  are 
now  emi)loyed  in  the  i>roduction  of  power,  they  can  be  rendered  unneces- 
sary through  the  cheai)er  and  more  effective  distribution  of  electrical 
poAver.  So  far  as  steam  from  such  boilers  may  at  present  be  used  for  heat- 
ing they  can  be  rendered  of  no  effect  through  the  supply  of  heat  from  a 
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central  station.  There  are,  lioweA'er,  in  every  large  city  many  minor  in- 
dustrial establishments,  such  as  dye  works,  bleacheries  and  laundries,  re- 
quiring steam  at  higli  pressure,  and  for  these  a  general  system  of  supply 
from  a  central  plant  must  be  provided.  That  this  may  be  the  more  readily 
accomi)lished.  such  industries  should  be  encouraged  to  group  themselves 
within  a  prescriiied  area  to  better  accommodate  themselves  to  some  reason- 
able plan  of  steam  distribution.  To  properly  supplant  the  fires  of  numer- 
ous small  boilers  now  in  service,  it  will  be  required,  therefore,  that  stations 
be  established  throughout  the  business  portion  of  the  city,  capable  of  de- 
livering electric  current  for  power  and  lights,  steam  or  hot  water  for 
heating,  and  a  limited  amount  of  high  pressure  steam  for  industrial  uses; 
these  central  plants  to  l>e  of  sufficient  size  to  justify  the  use  of  stokers 
which  will  make  them  smokeless.  When  by  municipal  co-oi)eration  these 
shall  have  been  provided,  under  conditions  which  will  safeguard  the  inter- 
ests of  all  consumers  with  reference  to  costs,  then  it  Avill  be  in  order  to 
prohibit,  after  a  series  of  years,  the  use  of  soft  coal  under  all  boilers  of  the 
city,  except  in  connection  with  automatic  stokers. 

Small  industrial  fires  other  than  those  under  boilers  should  be  sus- 
tained by  gas  drawn  from  sources  hereinafter  referred  to. 

6.  Domeatfc  Fires,  While  individual  domestic  fires  are  not  the 
source  of  heavy  volumes  of  smoke,  their  number  in  any  citj'  is  large,  and 
their  effect  in  the  aggregate  as  a  source  of  smoke  is  as  pronounced  as  that 
of  any  other  single  group  of  fires.  So  long  as  soft  coal  can  be  had  more 
cheaply  tlmn  anthracite  coal.  Just  so  long  Avill  there  be  a  desire  on  the 
part  of  tlie  consumers  to  employ  it  in  domestic  service.  Domestic  fires 
l>eing  small,  it  is  impracticable  to  apply  to  them  effectively  the  principles 
of  smokeless  firing.  A  necessary  step,  therefore,  in  the  development  of  a 
smokeless  city  is  a  complete  prohibition  of  the  use  of  soft  coal  for  domestic 
purposes.  As  a  preliminar.v.r8tep,  two  things  are  essential.  First,  a  sup- 
ply of  low-priced  gas  for  U8ec>in  <*ookiug ;  and  second,  the  distribution  from 
a  central  station  of  large  cajiocitj'  of  steam  or  hot  water  for  domestic  heat- 
ing. 

There  are  no  real  problems  in  the  supply  of  gas  for  cooking  except 
such  as  may  grow  out  of  existing  franchises.  At  prices  now  prevailing, 
this  form  of  fuel  is  much  used  in  cooking  and  generally  is  less  expensive 
for  that  puriK>«e  than  solid  fuels.  Add  to  this  the  fact  that  the  cost  of 
gas  to  tlie  producer  is  reduced  as  the  quantity  sold  is  increased,  and  an 
abundant  supply  at  a  cost  sufficiently  low  to  permit  ali  people  in  a  city  to 
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use  it  for  c-ooking,  becomes  not  only  possible,  but  attractive  as  a  means  of 
economy. 

Tlie  establishment  of  centralized  heating  plants  of  sufficient  size  to 
Justify  the  maintenance  of  smokeless  fires  therein,  and  in  such  number  as 
to  8en*e  an  entire  city,  constitutes  a  problem  presenting  no  serious  en- 
gineering dlffi<*ultles.  Such  a  system  would  need  to  be  developed  under 
sufficient  municipal  control  to  insure  satisfactory  service  to  all  portions 
of  the  city  and  to  guarantee  to  the  consumers  of  heat  a  cost  not  greater 
than  is  required  to  insure  a  fair  return  upon  the  investment  made.  Enough 
has  already  l)een  accomplished  in  heating  from  central  stations  to  insure 
the  practicability  of  such  a  scheme.  While  the  loss  of  heat  In  transmis- 
sion is  necessarily  large,  this  loss  is  more  than  neutralized  by  the  use  of 
low  grade  coal  in  the  central  station,  in  the  place  of  high  grade  fuel  now 
employed  in  domestic  heating,  so  that,  basing  an  estimate  on  the  heat  de- 
livered, the  cost  should  not  be  greater  than  under  present  conditions  of 
domestic  heating.  Attention  should  be  called  to  the  fact,  however,  that 
such  a  system  would  be  easily  practicable  even  at  some  advance  in  cost, 
for  freeclom  from  smoke  and  the  convenience  of  a  supply  of  heat  from  out- 
side sources  are  matters  for  which  people  will  be  willing  to  pay. 

7.  Loconioiive  Fires.  These,  in  railroad  centers  such  as  Indianapolis, 
are  prolific  sources  of  smoke.  Moreover,  if  soft  coal  is  i>ermitted  to  be 
used  in  flie-boxes  the  delivery  of  smoke  from  locomotive  stacks  can  not  be 
prevented.  As  a  consequence,  prohibitive  legislation  in  various  American 
cities  has  thus  far  had  but  little  effect  in  reducing  the  amount  of  smoke 
delivered  from  locomotive  fires.  It  is  not  the  fault  of  the  railway  man- 
agement ;  it  is  due  to  the  difficulties  which  are  inherent  in  the  case.  There 
are,  in  fact,  but  two  ways  out  of  the  difficulty,  and  the  acceptance  of  either 
solution  Avill  Involve  railway  companies  in  heavy  expenditures  and  will 
entitle  them  to  concessions  or  direct  aid  from  municipalities.  The  first  and 
simi»lest  is  to  be  found  in  the  requirement  of  all  steam  locomotives  oi)er- 
ating  within  tlie  smoke  limits  of  a  citj',  to  be  supplied  with  smokeless  fuel, 
that  is,  with  anthracite  coal  or  with  coke;  the  second  solution  is  to  be 
found  in  the  prohil)ition  of  the  use  of  steam  locomotives  and  in  the  sub- 
stitution of  electric  lo<*oniotives  within  the  smoke  limits  of  the  city. 

'i  he  dcvoloi>iJient  of  t^itlicr  of  these  plnns  will  involve  the  establishment 
of  locomotive  terminals  ui)on  every  road  outside  of  the  smoke  limits  of  the 
city.  iJy  the  use  of  such  terminals  the  road  locomotive  of  an  approach- 
ing train  can  be  8topi)ed  before  reaching  the  city,  its  place  being  taken 
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either  by  a  steam  locomotive  using  coke  or  anthracite  coal  for  Its  fuel,  or 
by  an  electric  locomotive  which  will  serve  to  carry  the  train  on  to  the  city, 
and  afterward  out  of  the  station  and  across  the  city  to  another  terminal 
where  it  will  stop,  its  place  at  the  head  of  the  train  being  taken  by  another 
road  locomotive  baving  its  usual  supply  of  soft  coal.  Such  a  plan  has 
been  put  into  effect  in  New  York  City,  and  has  l)een  settled  upon  for  Wash- 
ington, D.  C,  where  the  commissioners  of  tlie  District  of  Columbia,  on  No- 
vember 17th,  took  ttual  action  on  an  order  to  prohibit  the  use  of  any  ex- 
cept electric  locojuotlves  in  drawing  trains  into  the  new  Union  Station. 
Excepting  in  very  large  cities,  however,  the  cost  of  electric  transmission 
will  be  prohibitive.  It  will  t>e  far  cheai)er  for  railway  companies,  and 
quite  as  satisfactory  to  the  urban  communities,  to  admit  steam  locomotives, 
provided  they  are  supplied  with  a  fuel  which  prevents  smoke. 

It  is  evident  that  procedure  under  this  outline  with  reference  to  loco- 
motive fires  must  necessarily  involve  plans  extending  through  a  series  of 
years.  An  equitable  scheme  of  cooperation  between  the  railroads  and 
the  city  must  be  devised,  plans  must  be  made  and  adopted,  and  time  must 
be  given  for  financing  and  executing  them. 

In  the  working  out  of  the  general  plan  described  by  this  brief  outline 
for  the  elinjination  of  smoke,  many  difficulties  are  to  be  met  and  antag- 
onistic interests  to  be  harmonized,  but  there  is  nothing  which,  from  an  en- 
gineering point  of  view,  is  impracticable,  or  which  can  not,  as  a  business 
matter,  be  reduced  to  a  satisfactory  procedure.  A  city,  to  be  made  smoke- 
less by  the  measures  suggested,  would  first  seek  to  fix  limits  defining  the 
area  to  l>e  controlled.  Within  this  area  would  be  developed  a  series  of 
power  and  heating  plants  which  w^ould  be  spaced  upon  a  system  of  squares 
in  the  business  portions,  at  interv^als  of  a  mile  or  a  mile  and  a  half,  and  in 
the  residence  portion  at  intervals  of  two  miles.  From  these  several  stations 
would  go  out  currents  of  electrlcltj'  for  all  power  and  light  needed  by  the 
city.  From  certain  of  them  steam  at  high  pressure  for  Industrial  purposes 
would  be  distributed  over  the  limited  areas  and  from  all  of  them  would  go 
out  steam  or  hot  water  for  heating.  By  a  suitable  grouping  of  equipment 
within  these  stations,  those  in  the  residence  portions  would  be  made  to 
serve  as  heating  plants  alone  and  hence  would  be  out  of  service  during  a 
considerable  portion  of  the  year.  Because  of  their  size  and  the  perfection 
of  equipment,  all  would  be  oi^rated  by  smokeless  fires.  All  small  fires, 
which  at  the  present  time  serve  for  heating  and  power  in  individual  build- 
ings, would  cease  to  exist,  and  large  fires  under  boilers  of  great  industries 
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and  in  furnaces  of  metallurgical  establishments,  would  be  made  smokeless 
by  means  wliich  would  enhance  their  economy  in  operation.  Railroad 
trains  passing  through  the  controlled  area  would  be  draAvn  by  smokeless 
locomotives,  and  aiwve  and  around  the  city  a  clear  atmosphere  would  con- 
tribute to  the  cleanliness  of  all  things  and  to  the  comfort  and  peace  of 
mind  of  all  its  people. 
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EXPBRIMBNTAL   StUDIBS   IN   KbINFORCBD   CoNCRETB. 


W.  K.  Hatt. 


It  was  the  comfortable  assurancre  of  that  urbane  Roman  poet,  Horace, 
that  he  had  built  himself  a  monument  more  lasting  than  brass  in  the  intel- 
lectual life  of  mankind.  At  the  time  that  he  was  writing  these  lines  the 
Roman  engineers  were  constructing  those  concrete  aqueducts  and  domes 
that  have  served  mankind  on  the  physical  side  during  the  time  that  Horace 
had  been  a  source  of  peri>etual  delight  to  the  students  of  classical  writ- 
ings.  Which  product  will  endure  the  longer  is  an  open  question.  One 
thing  is  certain,  while  many  iiersons  of  exquisite  taste  may  prefer  Horace 
to  our  modem  writers,  all  well-informed  persons  conclude  that  the  en- 
gineer of  today  has  surpassed  the  Roman  engineer  in  the  quality  and  use 
of  concrete. 

The  number  of  recent  failures  of  reinforced  concrete  buildings,  at- 
tended with  the  loss  of  life  of  workmen,  dees  not  constitute  an  argument 
against  the  advance  of  the  practice  of  this  new  art,  but  calls  attention  to 
the  need  of  correct  theory  in  design  and  expert  supervision  in  construction. 
Steel  for  buildings  is  made  under  highly  technical  methods,  and  a  searching 
inspection  by  trained  men,  whereas  concrete  for  buildings  may  be  formed 
by  ignorant  and  unskilled  workmen,  and  niKy  be  supervised  by  foremen 
who  are  mostly  inexperienced  in  the  art  of  proportioning  and  mixing  the 
ingredients.  Defective  material,  either  of  cement,  sand  or  stone,  dishonest 
skimping  of  cement  and  poor  inspection,  incorrect  proportioning,  and  a  too 
early  removal  of  the  wooden  forms  from  the  floors  molded  in  cold  weather, 
or  heavily  laden  with  stored  cement  and  other  materials,  are  sufficient 
causes  to  explain  these  failures.  An  increasing  number  of  these  may  be  ex- 
pected as  time  goes  on  and  untrained  men  who  have  learned  their  busi- 
ness in  other  lines  of  construction,  take  up  the  work  of  building  reinforced 
concrete  structures.  The  resulting  loss  of  life  will  no  doubt  call  attention 
to  the  necessity  of  regulating  by  proper  building  laws  this  new  construc- 
tion, which  has  spread  so  rapidly  over  the  country  from  sea  to  sea.  In 
1902.  when  the  first  published  results  of  experimentations  appeared  in  this 
country  from  the  Laboratory  for  Testing  Materials  of  Purdue  University, 
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one  had  to  go  far  to  observe  instances  of  reinforced  concrete.  Last  sum- 
mer in  Seattle  the  writer  saw  no  other  type  of  building  in  process  of  con- 
struction. At  Atlantic  City  in  1902,  when  the  exi)erlments  referred  to  were 
placed  before  the  American  Society  for  Testing  Materials,  there  was  no 
instance  of  the  use  of  reinforced  concrete  in  sight  Last  summer,  at  the 
meeting  of  the  Society,  one  viewed  the  stately  and  beautiful  Marlborough- 
Blenheim  hotei  entirely  constructed  of  reinforced  concrete;  the  replace- 
ment of  the  steel  pier  by  reinforced  concrete  piles  and  girders;  and  the 
construction  of  a  new  recreation  pier  of  this  type  of  construction.  The 
growth  has  been  truly  marvelous.  Not  only  has  the  extent  of  its  use  in 
bridges  and  buildings  increased,  but  the  variety  of  its  application  is  extra- 
ordinary. In  a  list  of  constructions  in  which  it  is  successfully  and  eco- 
nomically used  may  be  included:  Retaining  walls,  dams,  tanks,  conduits, 
chimneys,  arches,  culverts,  foundations,  floors  for  buildings,  railroad  gird- 
ers, highway  bridges,  pii)es,  railway  ties,  piles,  stairs  and  roofs. 

At  the  present  time  the  underlying  mechanical  principles  and  the  con- 
stants of  design  are  fairly  well  determined,  and  we  wait  upon  the  archi- 
tects to  express  the  truth  of  these  principles  in  a  beautiful  structure. 
While  this  type  of  construction  associates  itself  with  the  broad  and  simple 
wall  spaces  and  low  buildings  of  tlie  Spanish  Mission  style,  with  surface 
ornaments  of  tiling  and  Mosaic,  it  also  lends  itself  to  important  modern 
civic  buildings.  The  stateliness  of  beauty  of  the  Marlborough-Blenheim 
Hotel  at  Atlantic  City  has  been  mentioned.  The  Ingalls  Building,  Cincin- 
nati, and  the  new  Terminal  Station  at  Atlanta,  Ga.,  are  other  examples. 

Without  stopping  to  discuss  the  properties  of  waterproofness,  fire- 
proofuess,  durability,  etc.,  or  the  multitude  of  topics  of  interest  and  im- 
portan(fe  that  crowd  one's  mind  in  connection  with  reiYiforced  concrete,  at- 
tention will  be  simply  called  to  the  mechanical  principles  underlying  the 
construction. 

Concrete,  like  stone.  Is  weak  In  tension,  but  strong  In  compression  at  a 
ratio  of  1  to  10.  Consequently  when  under  flexure,  as  In  a  beam,  the  con- 
crete Is  not  used  economically ;  for  it  breaks  on  the  lower  side  In  tension 
before  the  compressional  strength  is  utilized.  A  beam  may  be,  however, 
strengthened,  or  reinforced,  by  the  insertion  of  a  steel  rod  in  the  lower 
side  of  the  beam.  These  rods  arc  usually  l>ent  up  near  the  ends  of  the 
beam  so  as  to  also  reinforce  the  beam  against  the  diagonal  tensional 
stresses  tliat  occur  at  the  ends,  due  to  the  combination  of  shear  and  direct 
stress. 
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Before  the  rofl  can  come  Into  operation  during  a  flexure  of  the  beam, 
there  must  be  the  necessary  adhesion  between  the  concrete  and  the  rod  to 
transfer  the  stress  to  the  rod,  and  bring  the  latter  into  action.  This  ad- 
hesion varies  from  iJOO  i)ouuds  to  500  pounds  i)er  square  inch  of  the  sur- 
face of  the  rod,  and  under  favorable  conditions  is  sufficient  to  develop  the 
strength  of  the  steel  in  the  concrete.  The  adhesion  seems  to  l>e  more  of  a 
mechanical  action  than  chemical,  and  is  due  to  the  entrance  of  the  fine 
clement  Into  the  microscopic  pits  on  the  surface  of  the  smooth  rods.  Many 
designers  use  artificially  deformed  bars,  such  as  corrugated  bars  and 
twisted  steel  bars,  to  increase  this  adhesion. 

In  this  way  a  beam  is  reinforced  so  that  both  the  concrete  in  compres- 
sion and  the  steel  in  tension  may  be  worked  to  their  full  value.  Any  one 
who  has  seen  a  plain  concrete  beam  broken  in  a  testing  machine,  and  then 
has  witnessed  a  test  of  a  reinforced  concrete  beam,  will  be  first  of  all 
struck  by  the  apparently  greatly  increased  flexibility  of  the  reinforced  con- 
crete beam,  which  deflects  ten  times  as  much  as  the  plain  beam  before 
showing  any  visible  cracks,  and  when  the  load  is  removed  the  elasticity  of 
the  steel  draws  the  beam  back  nearly  to  its  original  shape.  It  is  probable, 
however,  that  this  process  of  bending  the  reinforced  concrete  beam  early 
develops  very  minute  Haws  in  the  concrete  which  are  invisible  to  the 
naked  eye,  so  that  it  is  not  safe  to  count  upon  a  tensile  strength  of  the 
concrete  in  computing  the  total  resisting  strength  of  the  beam.  Designers 
compute  the  resisting  moment  of  the  beam  as  based  upon  the  compressional 
stresses  in  the  concrete  and  the  teusional  stress  in  the  steel  alone. 

The  original  tests  at  Purdue  University  were  arranged  to  determine: 

1.  The  increased  strength  added  by  a  given  amount  of  steel  inserted  in 
a  plain  concrete  beam. 

2.  The  law"  connecting  the  strength  of  the  beam  with  the  amount  of 
Steel. 

8.  The  law  connecting  the  strength  of  the  beam  with  the  position  of 
the  rods  in  the  beam. 

4.    The  value  of  gravel  in  reinforced  concrete. 

To  determine  these  relations  a  series  of  concrete  beams  was  made  of 
first-class  materials  with  rich  mortar.  In  other  words,  the  beams  were 
carefully  made  with  a  combination  of  one  part  cement  to  two  parts  of 
sand  and  four  parts  of  broken  stone.  The  concrete  was  probably  superior 
to  that  made  in  the  ordinary  process  of  construction.  This  was  proper  be- 
cause the  theoretical  laws  were  bding  verified,  and  for  that  purpose  it  was 


80 

necessary  to  have  ntiifuriu  materials  of  good  quality.  The  elements  of  the 
strength  of  the  materials  entering  into  the  beams  were  determined  first 
of  all ;  namely,  the  eomprt^ssive  and  tensloual  strength  of  the  concrete,  to- 
gether with  the  modulus  of  elasticity  of  the  concrete,  both  in  tension  and 
compression ;  the  adhesion  between  the  cement  and  the  steel ;  the  elastic 
limit  of  the  steel ;  a  mechanical  analysis  made  of  the  materials.  Since 
the  beams  were  long  in  span  compared  to  their  height,  and,  therefore,  the 
shearing  stresses  wore  not  imi)ortant,  rods  of  smooth  steel  were  used. 
Having  determined  all  the  elements  entering  into  the  strength  of  the 
beam,  and  then  the  tested  strength  of  tl)e  beam  itself,  it  next  became  neces- 
sary to  fonnulate  a  mechanical  analysis  of  the  combination  of  steel  and 
concrete  in  llexure,  and,  with  the  exiierienoe  of  the  tests  of  the  beams  in 
hand,  to  derive  equations  for  design  and  calculation.  The  truth  of  these 
equations  and  the  validity  of  the  process  of  the  analysis  could  then  be 
checked  by  reference  to  the  tested  strength  of  the  beams.  These  equations 
were  derived  and  have  lK?en  used  very  largely  by  engineers  throughout  the 
country  in  designing  reinforced  concrete  structures. 

Engineers  as  a  rule  have  found  it  necessary  to  review  their  knowl- 
edge of  mechanics  In  dealing  with  reinforced  concrete,  not  that  there  is 
any  new  i)rlnciple  invohed.  but  the  number  of  factors  in  the  equations  of 
flexure  is  greater,  and  an  account  nmst  be  taken  of  the  relative  moduli 
of  elasticity  of  the  two  materials,  steel  and  concrete.  Furthermore,  the 
lack  of  perfect  elasticity  of  the  concrete  leads  to  an  assumption  of  some 
other  than  a  rectilinear  relation  between  stress  and  strain. 

Again  the  neutral  axis  of  the  cross  section  must  be  determined.  Its 
location  Is  not  simply  fixed  by  the  center  of  gravity  of  the  cross  section, 
but  is  controlled  by  the  amount  of  steel  present,  the  relative  moduli  of 
elasticity  of  the  steel  and  concrete,  and  by  the  position  of  the  steel.  The 
writer's  equations  have  followed  the  usual  assumptions  of  fiexure,  with  the 
following  si)ecial  assumptions : 

1.  That  the  modulus  of  elasticity  of  concrete  In  tension  and  com- 
pression Is  the  same. 

2.  That  there  Is  a  parabolic  relation  between  stress  and  strain  in  the 
concrete. 

3.  That  In  the  earlier  stages  of  the  loading  of  the  beam  the  concrete 
carries  stress  in  tension,  but  later,  at  higher  loads,  this  tensile  strength 
may  be  disregarded. 

The  equations  are  souiewliat  cumbersome,  but  have  been  reduced  to 
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diagrammatic  form  in  the  Transactions  of  The  American  Railway  Engineer- 
ing and  Maintenance  of  Way  Association,  Vol.  V,  1804,  pages  626  and  627. 
Empirical  equations  of  simple  form  are  presented  in  The  Engineering  Re- 
view of  Purdue  University,  Vol.  I,  1905. 

In  calculating  the  strength  of  the  reinforced  concrete  beam  sufficiently 
approximate  results  can  be  obtained  by  omitting  consideration  of  the  tensile 
stresses  in  the  concrete,  and  supposing  a  rectilinear  relation  between  stress 
and  strain.  1  he  moment  of  flexure  is  then  most  simply  expressed  as  the 
total  force  in  the  steel  multiplied  by  the  distance  to  the  ceutroid  of  the 
compressive  stresses.  This  latter  distance  Is  expressed  with  sufficient  ac- 
curacy as  a  fraction  of  the  depth  of  the  beam,  this  fraction  having  been 
determined  bj'  experimental  measurement  on  the  tested  l)eams. 

Care  in  all  cases  nmst  be  taken  to  compute  the  maximum  compressive 
stress  arising  in  the  concrete  under  tlie  conditions  of  the  problem,  and  also 
the  amount  of  diagonal  tension  at  the  ends  of  the  l)eams  must  be  computed 
and  provided  for  by  stirrups,  or  by  bending  up  some  of  the  rods  at  the  ends. 

To  conclude  this  brief  consideration  of  reinforced  concrete,  a  conserva- 
tive estimate  would  Include  the  following  principles: 

1.  Concrete  is  durable  and  fireproof  when  made  of  the  proper  aggre- 
gate. 

2.  The  strength  of  combination  of  steel  and  concrete  may  be  calcu- 
lated with  a  sufficiently  close  degree  of  accuracy. 

3.  Shapely  and  beautiful  structures  may  be  i)ullt  of  this  material. 
It  is  particularly  adapted  for  mill  buildings  because  of  the  absence  of  vibra- 
tions which  are  induced  in  the  ordinary  type  of  mill  buildings  by  the 
rapidly  revolving  machinery. 

4.  The  cost  of  a  properly  designed  reinforced  concrete  building,  where 
wooden  forms  are  used  to  advantage,  need  not  exceed  more  than  5  or  10 
per  cent  of  the  cost  of  mill  buildings  of  the  ordinary  tyi)e  with  brick  walls 
and  wooden  beams  of  the  so-called  slow-buniing  construction,  provided  that 
the  concrete  may  be  laid  as  at  present  by  unskilled  labor. 


6— A.  OF  SCIKHCC. 
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The  Newer  Hygiene. 


Wilfred  H.  Manwabing. 


Instruction  in  the  nature  of  infectious  diseases,  especially  in  the  means 
of  transmitting  these  cllsensea  from  one  person  to  another,  is  required  by 
law  In  all  our  public" schools.  This  law  Is  of  great  value;  for  it  Is  only 
through  the  Intelligent  co-oi)eration  of  a  well-informed  public  that  hy- 
gienic and  sanitary  measures  designed  to  control  and  stamp  out  infectious 
diseases  can  be  successful.  A  wide  diffusion  of  this  knowledge  will  go  far 
to  make  tuberculosis  a  thing  of  the  past,  and  diphtheria  and  smallpox  un- 
known. 

In  obedience  to  the  legal  requirement,  there  are  taught,  in  our  public 
schools,  certain  elementary  facts  regarding  the  nature  of  pathogenic  bac- 
teria, and  certain  facts  regarding  the  ways  in  which  these  bacteria  are  trans- 
mitted from  one  i)erson  to  another.  These  facts  in  themselves  are  of  in- 
estimable value,  but  they  are  insuflicient. 

The  presence  of  bacteria  within  or  upon  the  human  body,  the  trans- 
mission of  disease-germs  from  the  sick  to  the  well,  Is  but  one  of  the  factors 
tending  to  cause  disease.  To  acquire  a  disease  It  Is  usually  necessary,  not 
only  to  acquire  the  germs  of  that  disease,  but  there  must  be  a  lowering  of 
bodily  resistance  as  well. 

Every  fourth  person  In  this  room  is  carrying  dally  in  his  throat  or 
mouth  virulent  pneumococci.  Yet  he  does  not  acquire  pneumonia.  And 
why?  Because  there  is  an  efflclent  defense  against  this  disease  In  the 
healthy  human  body.  Some  day  this  defense  will  be  lowered  and  pneu- 
monia develop.  Most  soldiers  in  the  Philippines  carry  in  their  Intestinal 
canals  virulent  germs  of  dysentery  t  and  with  no  111  effects,  till  Intoxication 
or  dietary  excesses  lower  tlie  intestinal  resistance.  We  daily  inhale  germs 
of  tuberculosis.  Some  day,  wiien  our  resistance  is  low,  we  will  acquire  the 
disease. 

A  knowledge  of  the  l»ody's  tlghtini:  power  against  bacteria,  a  knowledge 
of  the  ways  in  wiiicli  that  power  can  be  increased  or  decreased  by  heredi- 
tary inlluences  and  by  modes  of  life,  is  therefore  of  hygienic  importance. 
It  should  form  part  of  the  ciuTiculum  of  every  public  school. 
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The  body  fights  disease  in  many  ways.  It  will  be  sufficient  for  hy- 
gienic purposes  to  teach  but  three  of  these  ways:  (i)  the  method  of  antl- 
toxines;  (ii)  the  method  of  antiseptics  and  (iii)  the  method  of  phagocyto- 
sis. 

There  ar  man:^'  diseases  in  wliloh  the  symptoms  are  caused,  not  by  the 
bacteria  themselves,  but  by  tlie  poisons  the  bacteria  manufacture.  Thus, 
in  tetanus,  or  loclcjaw,  the  bacteria  grow,  perhaps  unnoticed,  at  the  bottom 
of  the  Fourth-of-July  wound  on  tlie  hand  or  foot ;  but  the  chemical  poisons 
tliey  manufacture,  carried  by  the  blood  to  the  brain  and  spinal  cord,  cause 
the  spasms  and  convulsions  that  characterize  the  disease.  In  diphtheria 
the  bacteria  rarely  enter  the  body,  but  grow  in  grayish-white  masses  on 
the  moist  surfaces  of  tiie  mouth  and  throat  The  chemical  poisons  they 
manufacture,  absorbed  by  the  tissues,  cause  the  paralysis  and  heart  failure 
that  characterize  the  disease. 

The  body  has  tlie  power  of  forming  substances  that  neutralize  these 
poisons.  To  these  neutralizing  substances  the  name  antitoxine  has  been 
given. 

This  fact  is  of  hygienic  imi)ortance  for  two  reasons:  First,  because  it 
is  sometimes  possible  to  assist  the  body  in  its  eCTorts  to  form  antitoxines, 
by  introducing  into  it  antitoxines  artificially  prepared ;  and,  second,  because 
the  body's  power  to  form  these  substances  is  modified  by  mode  of  life. 

A  horse  that  has  been  repeatedly  injected  with  the  poisons  manufac- 
tured by  the  germs  of  diphtheria,  grown  on  artificial  culture  media,  de- 
velops enormous  amounts  of  diphtheria  antitoxine.  A  few  drops  of  the 
serum  of  this  horse  renders  harmless  large  quantities  of  diphtheria  poison. 
Through  the  use  of  diphtheria  antitoxine  in  practical  medicine,  the  mortal- 
ity from  diphtheria  has  been  reduced  from  the  24  per  cent,  to  40  i)er  cent, 
it  was,  twenty  years  ago,  to  the  less  than  1  per  cent  it  now  is,  in  well- 
treated  cases.  Overwork,  insufllcient  clothing,  improper  food,  alcoholic  ex- 
cesses, lack  of  sleep,  and  other  factors,  so  lower  the  antltoxine-formiug 
power  of  the  body  as  to  greatly  increase  the  dangers  from  infection. 

The  second  way  of  hygienic  significance  in  which  the  body  fights  dis- 
ease, is  by  the  formation  of  chemical  substances  that  although  they  have  no 
influence  on  the  chemical  poisons  manufactured  by  bacteria,  have  an  even 
more  important  proi^erty,  that  of  killing  the  bacteria  themselves. 

The  presence  of  antiseptic,  or  bacteria-killing  substances  in  the  blood 
and  tissue  Juices  is  easily  shown.     One  has  but  to  mix  bacteria  with  serum 
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and  test  from  time  to  time,  by  simply  cultural  methods,*  whether  or  not  the 
bacteria  are  alive.  Thus,  in  one  experiment,  there  were  mixed  with  human 
serum  tj'phoid  fever  germs  in  such  numbers,  that  every  drop  of  the  serum 
contained  50,000  bacteria.  Two  minutes  later  but  20,000  of  these  were 
alive;  at  the  end  of  ten  minutes,  but  80C);  and  in  twenty-flve  minutes,  they 
were  all  dead. 

Not  only  can  serum  kill  bacteria,  but  most  of  the  secretions  of  the 
healthy  human  body  are  bacteria-killin?  as  well.  Gastric  juice,  vaginal 
secretion  and  nasal  secretion,  kill  bacteria  in  enormous  numbers.  The  hy- 
gienic significance  of  this  is  e^'ident  from  the  fact  that  these  bacteria-killing 
substances,  also,  are  modified  by  modes  of  life.  Dietary  excesses  may  so 
lower  the  bacteria-killing  properties  of  gastric  juice,  and  unsanitary  condi- 
tions so  lessen  that  of  tlie  tissue  jui<^s  that  susceptibility  to  infectious  dis- 
eases is  gi'eatiy  increased. 

The  third  way  of  hygienic  importance  in  which  the  body  fights  disease, 
is  by  phagocytosis.  In  the  lK)dy  there  are  millions  of  white  blood  cor- 
puscles, each  having  the  power  of  independent  motion  and  as  one  of  Its 
functions  the  faculty  of  eating  and  destroying  disease  germs. 

It  is  found  that  the  bacteria-eating  iwwer  of  white  corpuscles  Is  largely 
dependent  upon  certain  chemical  substancest  present  in  the  blood  and 
tissue  juices.  Without  these  chemical  substances  the  eating  of  certain 
pathogenic  bacteria  does  not  take  place.  With  them,  it  is  very  active.  It  is 
further  found  that  these  <'liemical  substances  are  influenced  by  modes  of 
life.  Tlint  they  may  l>e  increased  or  decreased  under  different  hygienic 
conditions.  iUiagocytosis.  tlierefore,  has  also  a  place  in  popular  hygienic 
knowledge. 

One  of  the  unfortunate  results  of  the  spread  of  knowledge  of  patho- 
genic micro-organisms  is  the  formation  of  an  unreasoning  popular  fear  of 
disease  germs.  It  is  thought  that  a  wide  understanding  of  facts  regarding 
l)o<lily  resistance  will  tend  to  replace  this  unfortunate  germ-fear  by  a 
rational  faith  in  tlie  l)ody's  marvelous  powers.  That  it  may  turn  the  tide 
of  liyiiicnic  endeavor,  from  an  exclusive  fight  against  bacteria  to  a  com- 
l>ined  fight  mjaiuat  iKictfria  a\id  for  bodily  resistance. 


♦See  Popular  Science  Monthly,  Vol.  66,  pp.  474-477. 
t  Opsonins. 
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Concerning  Differential  Invariants. 


David  A.  Rothrock. 


During  the  last  fortj*  years  v\ouderfnl  progress  has  been  made  in  many 
fields  of  higlier  mathematics.  One  distinct  line  of  investigation  has  had  to 
do  with  a  microscopic  examination  of  the  fundamental  axioms  of  the  ele- 
mentary mathematics,  of  conditions  of  convergence,  of  the  sufficient  condi- 
tions in  the  calculus  of  variations,  and  so  on.    Anotlier  essential  advance 

has  been  made  by  unifying  many  separate  and  apparently  distinct  fields  of 
mathematics  under  one  conimon  law.  Among  many  advances  in  this  latter 
line  of  work,  none  are  more  important  than  the  work  of  Sophus  Lie,  a  Nor- 
wegian, who  lived  from  1842  to  1890. 

Lie  received  his  doctorate  from  the  University  of  Christiania  in  1865, 
earing  no  more  for  mathematical  work  than  for  literary  or  philological 
work.  In  fact,  he  had  tliought  of  becoming  an  engineer;  but  receiving  an 
appointment  to  a  docentship  in  tlie  university,  he  turned  his  attention  to 
the  study  of  advanced  mathematics.  Tlie  real  mathematical  genius  of 
Lie  was  aroused  by  a  course  of  lectures  on  substitutions  by  Professor  Sy- 
low.  Lie's  creative  period  seems  to  liave  extended  from  1808  to  about  1874, 
during  which  time  he  came  into  jiossessiou  of  tlie  essential  features  of  his 
epoch-making  Theory  of  Continuous  O roups.  Tlie  remainder  of  his  life 
was  devoted  to  the  elaboration  of  his  early  conceptions,  and  to  the  appli- 
cations of  his  theories.  A  general  development  of  the  higlier  number  sys- 
tems, a  classification  of  ordinary  and  partial  differential  equations,  witli 
methods  of  their  solutions,  invariants  and  covariants,  many  problems  of 
physics  and  astronomy,  are  all  treated  from  the  standpoint  of  the  con- 
tinuous gi'oup.  Below  is  sketched  a  brief  outline  of  the  continuous  group 
theory  of  Lie,  as  applied  to  di'Terential  invariants,  and  tlie  calculation  of  an 
important  differential  invariant  is  indicated. 

1.     Point  Trawfformati'on.     Let  x,  y  be  the  Cartesian  coordinates  of  any 
point  in  the  plane,  and  let  xi,  yi  be  any  point  otlier  than  x,  y.    Tlien 

XI  =  *  (X,  y),  yi  =  ir  (x,  y) 


86 

is  said  to  be  a  point  transformation,  carrying  point  x,  y  into  point  xi,  yi. 
Here  it  is  assumed  that  inversely 

X  =3  4>i  (xi,  yi),  y  =  ^i  (xi,  yi) 

carries  the  point  from  xi,  yi  back  to  x,  y.  A  point  transformation  may  be 
looked  upon  either  as  a  transference  of  axes  from  one  system  to  another, 
not  necessarily  the  same  kind  of  system,  or  it  may  be  considered  as  an 
actual  transference  of  one  point  into  another  position  in  the  plane,  the 
axes  of  reference  remaining  unchanged. 

2.  Group  of  Tramj  or  motions.    A  point  transformation   containing  one 
or  more  parameters 

XI  =  *  (X,  y,  a,  b,  c,  .. .  k), 
yi  =i'(x,  y,  a,  b,  c,  ...  k), 

such  that  fer  &o,  bo,  Co, ko,  the  point  x,  y  transforms  into  itself,  is  said 

to  constitute  a  group  of  transformations  when  a  succession  of  two  such 
operations  may  be  replaced  by  one  of  the  same  species.     That  is,  if 

X2  =  *(xi,  yi,  ai,  bi,  ci . ,.  )=*|*  (x,  y,  a,  ...k),i'  (x,  y,  a,  . . ,  k),  ai. ..  ki| 
-—  *  (X,  y,  a2)  D2f  C2»  . . .  Xj), 

Ta  ^ '^  (x,  y,  &2*  "2»  ®a»  •  •  •  ^a)» 

where  aj  =  fi  (a,  b,  . . .  k,  ai,  bi,  c,  . . .  ki),  bj  =:  fj  (a,  b,     . .  ki) ,  then 

xi  =  *  (x,  y,  a,  b,  ...  k),  yi  =  i'  (x,  y,  a,  b,  ...  k) 

are  the  transformations  of  an  r-parameter  group,  the  parameters  a,  b,  c, 
. . .  k  being  r  in  number  and  independent.  A  similar  definition  may  be 
given  to  a  group  in  one,  three,  four,  or  n  variables*. 

3.  The  Infinitesimal  Trauffformdliuns,    An  infinitesimal  transformation 
is  defined  analytically  by 

c5x  =  ^  (X,  y)  ^t,  r5y  =r  //  (X,  y)  (^t. 

Such  a  transformation  attaches  to  any  point  x,  y  an  infinitesimal  motion 
whose  projections  on  the  x  — ,  and  y  —  axes  are  respectively,  t^t  and  7'Jtt 
and  wliose  distance  is  /  ^'^  ^-  //^  ^^t.  Lie  shows  sucli  infinitesimal  trans- 
formations to  belong  to  a  single-parameter  group. 

XI  =  '!>  (X,  y,  a),  yi  —  ^  (x,  y,  a). 

This  may  be  easily  seen  by  lotting  ao  be  tlie  value  of  a  whicli  leaves  x,  y 
fixed;  then 

XI  -.^  (x,  y,  a,,  +  f'a).    y,  =  ^  (x,  y,  ao  +  '^a) 

*Seo  Lio  — Schoffers,  Ditferential-ffleichungen,  pp.  24-25. 
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give  to  the  point  x,  y  an  infinitesimal  motion.     Expanding  in  powers  of  ^a, 
we  have* 

xi  =  *(x,  y,  ao)  -h  [^-*^-^»-^^"M,ya-h  ...., 

V         d  ao         J 

y,  =  *  (X,  y.  a.)  +  [  i:!!^!^''- *">  ]  rf  a  + 

I         d  ao        J 

But  *  (X,  y,  ao)  =  x,  +  (x,  y,  au)  =  y,  hence 

'^d  ao  J 

Id  ao  ^ 

fix=   [^^  ]r5a+  ...  -^Mx,  y)  rJt -f  ...., 

^d  ao  ' 

rJy=    [;f-  V»-h  •••  "^-'/(x,  y)  r^t-f   

Id  ao>' 

Omitting  infinitesimals  of  higlier  order  we  havo  the  relations 

r5  X  =  ^  (X,  y )  r5  t,  (5  y  —  V/  (x,  y )  f U 

as  the  infinitesimal  transformations  of  a  oue-parametor  gronp. 
In  the  notation  of  Lie  the  symbol 

U/^  s^  (X,  y)  l^l]  -f  V  (X,  y)  {P\  . 

Idx  J  '^  dy  J 

denoting  the  variation  which  a  function  /  (x,  y)  undergoes  when  x,  y 
receive  the  increments  (^  x,  f^  y,  is  employed  as  the  symbol  of  an  infini- 
tesimal transformation.  Writing  p,  q  instead  of  tlie  partial  derivative  of 
^  (x,  y)  with  respect  to  x  and  y,  respectively,  wo  liave 

U/""  f  (X,  y)  p  -h  r,  (X,  y)  q. 

The  infinitesinal  transformations  of  au  r-parameter  group  would  be  given 
by  the  symbol 

Uk  /H.  $^k  (X,  y)  p  +  '/k  (X,  y)  q,  k  —  1,  2,  3,  ...  /•. 

4.  The  Group  Criterion.  One  of  Lie's  fundamental  theorems  furnishes 
a  test  whether  or  not  any  given  set  of  infinitesimal  transformations,  Uk  /, 
k  =  1 ,  2,  . . .  r,  actually  forms  a  group.  Tliis  test  is  the  application  of 
Jacobi*8  bracket  expression 

Ui  (Uj/) — Uj  (Ui  Of  (J,  j  =  I,  2,    ...  r,  in  all  combinations). 


^In  this  article  the  {lymbol  ^  -    will  be  used  to  denote  the  partial  derivative  of  f  with 
refard  to  x,  initead  of  the  round  d  asually  employed. 
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If  the  Jacob!  bracket -expression,  constructed  for  all  combinations  of 
i,  j,  is  equivalent  to  a  linear  f auction  of  the  symbols  Uk/  with  constant 
coefficients,  tli<»u  are  the  symbols 

Uk  /*  ^  ^^k  (X,  y)  p  +  //k  (X,  y)  q,  k  =  1,  2,  ...  r, 

the  infinitesimal  transformations  of  an  r- parameter  group.* 

5.     The  Extended  Group,     An  infinitesimal  transformation 

may  be  extended  in  two  ways.  In  the  first  place,  tlie  variation  of  the  coor- 
dinates of  n  points  is  simply  th(»  ^xxm.  of  the  variations  of  the  coordi- 
nates of  the  separate  poiuts;  hence,  U  /'extended  in  this  manner  becomes 

(A).  U/,.-   2'''j,-w(xk,  yk)  {  ^^  1-f  v(xk.  yk)  f-^A]  I. 
k  —  1  I  ^  d  Xk  J  I  d  yk  '   j 

The  symbol  U/may  also  be  extended  so  as  to  include  the  variation  of 

y  =  ^  7,  y"  =  ^iJ  . . . . ,  y(n)  =:  d"  y    ^^,  ija^g 

d  X  d  X*  d  X" 

("^  xz=z  ^  (X,  y)  (J  t,  ^^  y  =  //  (X,  y)  A  t. 

fiyf  =  (]  ^y  =  ^'^  dy  -  dy  cT  dx  _  d  (5  y  —  y^d^  x 
dx  dx2  dx 

=  {  ^1  -  y  ^>  Ui  t  =-  (  //x  +  y^  (//,  ^  ^.)  -  y'«  fy  I  rJ  t 
*>  dx  dx  »  '  ) 

—  '/  (X,  y,  yO  '5  t. 
In  a  similar  manner, 

,)  y"  =  {  ^/.  -  r'  ^J  1  ,U  =  //'  (x.  y,  y^  y^O  <^  t, 
*^  dx  dx  » 

and  so  on  for  higher  variations. 

The  infinitesimal  transformation  U  /  extended  to  include  these  higher 
variations  liecomes 

Eacli  of  tlie  members  of  an  r-parameter  group  Uk./*.  k  ::=  1,  2.  . . .  r,  may 
be  extended,  giving  the  infinitesimal  transformations  of  the  coordinates  of 
n  points  as  indicated  by  equation  (A);  or  each  may  be  extended  as  in 
(B)  to  include  the  variations  of  x,  y  ,y',  y'',  y^'^,  ..  y'"\  A  group  of 
transformations  extended  in  styl(»  of  ( A)  or  (B)  is  called  an  extended  group. 


'-'Lie—ScheflTers,  Oontinuierliche  Gruppen,  p.  390. 
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6.  InvariarU  Functions,  The  yariation  of  any  fanotion  *  (x,  y)  when 
operated  upon  by  an  infinitesimal  transformation. 

U/=s^p  +  ^q 
18  given  by 

If  *  (X,  y)  is  to  remain  unchanged,  then  U  *  =  o,  and  *  (x,  y)  is  a  solution 
of  the  homogeneous  linear  partial  difiTerential  equation 

U  /•  =  f  p  -h  '/  q  =  o. 

that  is,  4>  (x,  y)  is  an  integral  of  Lagrange's  equation 

dx dy 

T~  V  ' 

4»  (x,  y)  so  determined  is  called  an  invariant  for  the  transformation 

U  /  --  ^  p  4-  7  q 

A  group  of  two  or  more  independent  transformations  will  not  in  geueral 
have  an  invariant  function.  But  when  extended  to  include  the  codrdinates 
of  n  points,  as  in  (A)  above,  an  r- parameter  group 

Uk  /(„)^  isL^k  (Xi.  y,)  [^J  -f  ;/k  (Xi,  y,)  [^]   ],  kz=l,  2,  . . .  r, 

gives  rise  to  2  n  —  r  independent  functions 

^1    (Xi,   yi,    ...    Xn,   yn),   fl>2,   08»    •••    ^n-r* 

which  are  point-invariants  of  the  group  Uk  f,  and  which  are  derived  by  integrat- 
ing the  r  partial  differential  equations  Uj  ;*„  =  o,  U2  /n  ^  o,  ...  Ur/n  =  o. 
After  the  manner  here  indicated  the  writer  has  calculated  all  the  point- 
invariants  for  the  twenty-seven  finite  continuous  groups  of  the  plane  as 
classified  by  Lie.*  Tlie  results  appear  in  the  Proceedings  of  the  Indiana 
Academy  of  Science,  1898,  pp.  119-135. 

7.  Differential  Invariants.  An  infinitesimal  transformation  extended  to 
include  the  increment  of  y''  leaves  invariant  two  functions  <^i  (x,  y,  y^), 
^1  (x,  y,  y')f  the  solutions  of 

The  functions  ^1,  ^2  are  called  differential  invariants  of  tlie  infinitesimal 
transformation  U^/.     Lie  shows  that  wlien   two  independent  differential 


^See  Lie-Seheffer4t  Contin.  Gruppen,  pp.  360-362. 
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inyariants  of  a  given  transformation  are  known,  then  all  others  may  be 
fonnd  by  differentiation.* 

r«>  —  J  — »  r4  —  j~:    »    •  •  •    • 

An  r-parameter  group  Uk/  extended  to  include  the  increments  of 
y''»  y^^f  • . .  J'^\  when  equated  to  zero,  gives  r  partial  differential  equations 
in  r  -f-  2  variables.  These  r  equations  have  two  independent  solutions,  ^i 
<x,  y,  j\  ...  y^*"^),  ^2  (-^t  yi  y^  •  •  y^*"^)!  which  are  differential  invariants  of 
the  r-parameter  group.  After  the  plan  liere  indicated  Lie  has  calculated 
the  differential  invariants  for  the  twenty-seven  groups  of  the  plane. 

The  calculation  of  differential  invariants  may  be  made  by  an  entirely 
different  method  than  that  used  by  Lie,  and  indeed  without  any  knowledge 
of  the  group  extended  as  indicated  above.  A  knowledge  of  the  form  of  a 
point  invariant  for  the  group  is  necessary. 

Let  a  point  invariant  ^  iXi,  yi,  Xg,  y^t  •  - .)  be  given,  and  suppose  the 
points  Xi,  y^ ;  x.^,  y.^',     .  •    ;  Xn,  yi.,  to  be  located  upon  a  plane  curve 

X  ^f,  (t),  y  ==:f2  (t). 
Then  we  would  have 

X,  =  f,  .t]),  yi  —  fz  U, ),   ...  X„  z=  f  1  (t„»,  y„  =  f2  (tn), 

Allowing  Xj.  y2 ;  x,,  yg ;  . . . ;  Xn,  yn  to  coalesce  toward  xi  yi,  we  may  then 

expand  Xg,  yg, in  power-series 

(x^  =  x,-\-  xMt,  -h  x^^dt.5  +  ...,    y^  =  y,  +  (y";  dt,  +  iJ^'i  dtj  -f  ..., 

ll)}  ^"  '^ 

^^M  X3=x, +x^dt3-|  x^^dti+...,    y3=y,   1   (y0dt3-(y^0dtj+..., 

(  2  2 

and  so  on  for  x^,  y  t,  . . .  x,,,  y„,  where 

/|\  ^/ ox,  //  (l   X,         ///  —  u   X, 

dti  dtj-'  dti» 

^^^      ^^^~dt/  ^^  ^'  dtf '  ^^  ^~  dtr 

The  notation  of  (1),  (2)  should  be  changed  from  parameter  notation  to  the 

ordinary  y'  =  ^^ ,  t'  =  ^-\  .  •  •  •  • 

dx  dx2 

v^      ^  —  ^^  ',  hence  (v')  —-  y'  x',  similarly, 
dx         x^ 

,Q,  /  (y"0  y^'(xO--f  y'x'^  (y""')  y'"^(xOM--^y''x'x'^-f-y^x^''; 
)  (y'^')  -  -  y'  (xO  '  V  W''  (x')  -^  x"  -h  :-iy^'  (x^O  '  -(-  4y''  x"  n"'  +  y'  x»^ 
(  (y^)_  y^  (x")  ''  +  10 yi^  (x^  ^x^'  \  V'  (15  x'  (x"0  '  -f  10  x^)  2^'^^^  -f 

y^^(lOx^^x'"   t  5x^xi^)  +  y^x\ 
and  so  on  for  higher  derivatives. 


*Lie,  Math.  Annalcn,  Bd.  XXXII. 
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If  in  any  point  invariant  ^,  the  values  of  x.^,  72^^99  J 3 »  taken  from 

(I)  be  substituted,  and  then  tlie  result  developed  into  in  infinite  power-series 
in  the  ascending  powers  of  dtj,  dt,,  dt.,,  . . .  dt„,  the  successive  coefficients 
of  the  separate  powers  of  dtj,  dtg,  ...,  and  of  tlie  products  dt,,  dtj.   ... 

are  all  i'lvariatit  fnnctions  of  x',  x^^  x'^^  ..   ,  (y'),  (y'^),  (y^'^j, These 

separate  invariant  functions  may  tlien  be  changed  by  means  of  equations 


(3)  above  so  that  only  x^,  x'^,  x'^^,  x^^, 


. . .  and  y^  =: 


dy 
dx' 


r// 


^d^y 
dx^ 


I  • 


•  •  I 


,/// 


occur.     Then  by  algebraic  manipulation  the  parameters  x\  x'\  n' 

may   be   eliminated,    leaving  a   differential  invariant  for  the  continuous 

group  from  which  the  point  invariant  <;>  had  been  derived. 

8.      The  Differential  Invariants  for  the  General  Projectire  Group. 
The  general  projective  group:     p,  q,  xq,  xp  —  yq,  yp,  xp  -f-  yq,  x^p  -f-- 
xyq,  xyp  -\-  y^q,  when  extended  leaves  invariant  the  point-function. 


Q- 


1 


Xi  yi  1 

X 

x,  y,  1 

• 

X 

^5  75   1 

X 

^1  yi  1  M  (Xi  y,  1 
^2  72  1  I  y-^i  X3  y,  1 
:^  y,  1      J       ix,  y,  1 


xi  yi  1 

X3   73   1 
X4   74    1 


}■ 


Snbstitnting  in  Q  the  series  expansions  of  x,,  yj,  x^,  y^,  ...  x^,  y^  from 
equations  (I),  and  developing  the  determinants,  we  have  the  ratio  of  infinite 
series  which  may  be  further  developed  into  a  single  power  series  of  the  form 


Qi-ao  +  a^,  ^j^j  +  a2  [^-'j 


*Ml,  )   ^ 


where   at   is   an   expression  containing  a  function  of  dtj,  dtg,  dt4,  dtg  to 
degree  /,  and  where 


(K) 


I,  zirx^y^'    _x'My'.=rry> 

Ij  =  x'  iy)  —  x'''  (y^)  —  y'''  (xO'  -f  3y^'  (x^^x^^ 

13  i:^  x'  (y»M  —  x»^  (y')  -  y*»  (x^^  -f  6y'^^(x0'x''  -f  3y^^  x'(x'0^ 

-h  4  y''  (xO  ^x''\ 

14  ==  x^^(y^^O— x^^^(y'0  =y^^^(xO'x'^  — y^^(x'j2x'^^-r  3y''x^(x^0' 


and  so  on  until  all  orders  of  differentials  y\  y^\  y*'\  ,  y'"'  liave  been 

included.    Now  the  separate  ratios  I^  :  I,,  I3  :  Ii ,  T »  :  Ii^ ,  are  separate- 
ly invariant,  and  when  reduced  as  in  equations  (K)    contain  the  arbitary 


parameters  x\  x'\  x 


/// 


rViil 


Tlie  elimination  of  these  parameters  is 


*S«e  Pro.  Ind.  Acad.,  1898,  p.  135. 
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a  tedious  process,  and  will  not  be  indicated  here.     When  performed,  how- 
ever, tliere  results  the  two  differential  invariants 

01  =  r2A3  A,  -35A2A5-7  {A,-|-A5pl  -.-(A,)^ 

^,  =  [a3{a«-84A3A, +  *^^^^A51--12{a,-^A3A3}{a,-|-Ai} 

^    3   i     ^         H      M    J  ^ 

where  A^  =  'Sy^^^  y"  —  4  (y'^'jS 

A3     _^    yV    (y^^)2    _    I5y/V    y///    y//    ^_     40    ^^,,,y,^ 

o 
A,  =  3y^'  (y^')«  — 24y-  y'''  (y'^)^  +  60y^-  (y^^'j^  y'^._40   y'n\ 
A,  =  9yv^^  (y'O'  —  l<>5yv'  (y^^j»  y"^  -|-  420  y^  (y'^^*  (y"";'-'  - 

A,  z=  27y^-^^'  (y'^ ,s  — 48  A,  y^"  -  8t0  A^  (y'^^^  _  2240  Ag  (y'^0' 

—  28OOA2  (y^'0»  —  ^^^*^y''')'. 
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Conjugate  Functions  and  Canonical  Transformations. 


By  David  A.  Rothrock. 


(Abstract.) 


It  is  known  that  any  function,  ^  (Z),  of  a  complex  variable,  Z  =  x-\- 
i  y,  may  be  separated  into  a  real  part  0i  (x,  y  i  an  imaginary  part,  i  6.^  'x,  y), 

and  that  ^i,  ^a  ^*^ch  satisfy  Laplace's  eqnation  — -?  -|-    ,   ^  =  o*    A  very 

elegant  geometric  interpretation  of  these  two  functions  9i,  02  ^^7  ^^  ^^^ 
by  equating  each  to  a  third  variable  C  :  0i  (x,  y)  =  C,  0,  (x,  y)  r=  C.  Each 
equation  then  represents  a  surface  for  any  point  of  which  Laplace's  equation 
is  true.  By  developing  C  =  ^j  (x,  y)  into  a  power  series  in  the  vicinity  of 
any  point  Xo,  yo,  and  using  the  Laplace  equation,  we  have  the  theorem: 
the  projection  of  the  section  of  a  tangent  plane  to  the  surface  C  ==  0i  (x,  y) 
upon  the  x,  y-plane  is  a  curve  having  a  double  point  at  Xo,  yo  with  real, 
orthogonal  tangents,  and  hence  the  surface  is  hyperbolic  at  every  point. 

C  =  k  gives  lines  of  level  on  <  —  ^i  (x,  y),  while  C  =  kj  in  C  =  02  (^»  7) 
gives  cylinders  which  intersect  C  =  0i  (x,  y)  in  ctm^es  of  quickest  descent. 

The  second  part  of  the  paper  deals  with  the  linear  fractional  function 

aH  +  3 
Zj  = which  has  the  fundamental  invariant  points /,,/2  about 

which  a  canonical  transformation  may  be  constructed  so  tliat  Z  ^  o,  when 

Zi  —  f,         a  —  yf,  /Z  — A  \ 

Z»  =/i ;  Z  =  ac  .  Z'  =f^.  This  function  is  Z  =  gi  -T/  =  '^yf   \  Z  —  A  / ' 

Themodulusof2~_i;yf  and  amplitude  of  2  _  r»  set,  respectively,  equal  to 

constants  give  an  elliptic  system  and  an  hyperbolic  system  of  circles  about 
and  through  the  two  points /j. /a-     Now  the  transformation 

^     z, -A  -  «-;/,  Vz  :-/J' 

sets    up    a   motion    about  /j./a    which   is    determined   by   the  modulus 

and  the  amplitude  of  -  --'-.  If  mod.  =f  1  and  amp  =  o,  motion 
«  —  J  A 

•Where   .— r  denotes  the  second  p  trtial  of  4»  with  regard  to  x,  and  80  for  ,    ;,. 

dx  *  oy  ^ 
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goes  along  tlie  hyperbolic  circles,  the  elliptic  circles  interchaDging.  If 
mod.  =  1,  amp.  =f  o,  motion  goes  along  elliptic  circles,  the  hyperbolic 
system  being  invariant.  If  mod.  ^  1 ,  amp.  =f  o,  motion  is  along  neither  family 
but  passes  diagonally  from  cnrvilinear  rectangle  to  cnrvilinear  rectangle. 
These  respective  transformations  may  be  named  hyperbolic,  elliptic,  loxodromic. 
The  circles  about  aud  through  the  fundamental  points  are  potential  lin&<« 
and  lines  of  flow  in  the  well  known  problem  of  electricity  of  equal  source 
and  sink. 

Bloomington,  Ind.,  Nov.  28,  1906 
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Notes  on  "  Salt  Lime/' 


Frank  B.  Wade. 


i*^ 


Ye  are  the  salt  of  the  earth;  but  if  the  salt  have  lost  his  savour, 
wherewith  shall  it  bo  suited?  it  is  thenceforth  good  for  nothing  but  to  l)e 
cast  out  and  trodden  under  foot  of  men." — Matthew,  v,  13. 

This  passage  from  "the  »Sermon  on  the  Mount"  has  doubtless  puzzled 
many  a  chemist,  for  salt  without  savour  is  as  much  an  anomaly  as  a  smile 
(without  a  face. 

Last  summer,  while  >jKniding  my  vacation  at  the  seashore,  I  came 
across  an  old-fashioned  "salt  works,"  where  common  salt  is  prepared  by 
evaporation  of  sea  water,  partly  by  means  of  trickling  it  over  masses  of 
brush  and  further  by  solar  evaporation  in  shallow  vats. 

It  was  while  investigating  the  process  that  1  came  upon  what  seems 
to  me  to  be  a  plausible  explanation  of  the  scriptural  passage,  and  at  the 
same  time  I  secured  a  quantity  of  the  material  called  by  the  salt  makers 
"salt  lime,"  which  is  the  subject  of  this  paper. 

It  seems  that  the  first  solid  product  to  separate  from  the  sea  water 
upon  concentration  by  evaporation  is  a  very  slightly  soluble,  white,  crystal- 
line substance,  which  gathers  in  the  first  four  or  five  shallow  vats.  These 
are  provided,  so  that  the  tasteless,  gritty  substance  may  not  come  down 
along  with  the  salt  and  constitute  an  undesirable  Impurity  in  it.  This 
tasteless  substance  is  "salt  lime." 

As  to  the  connection  hetwe<»n  this  substance  and  the  salt  which  had 
lost  its  savour.  1  think  it  very  probable  that  the  ancient  salt  makers  omit- 
ted to  provide  separate  vats  for  the  first,  very  slightly  soluble  product,  and 
that  as  a  re.^ult  it  got  mixed  up  with  their  salt.  Then,  possibly,  owing  to 
exposure  to  moisture,  the  real  salt  may  have  become  dissolved  away  from 
this  less  soluble  part  in  certain  Instances,  and  the  residue,  being  tasteless, 
would  naturally  be  supposed  to  iiave  "iost  its  savour,"  by  the  unscientific 
mind  of  that  time. 

Having  secured  eight  or  ten  i)ounds  of  salt  lime,  I  made  an  examina- 
tion of  the  substance  to  determine  its  nature. 

In  physical  api)earauce  it  is  grayish  white  in  color,  crystalline  in  struc- 
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ture  and  it  forms  a  layer  about  one-quarter  inch  thick  as  scraped  from 
the  evaporators.  T  was  told  by  the  owner  of  the  salt  works  that  not  over 
thirty  or  forty  busliols  wore  obtained  from  the  evaporation  of  an  amount 
of  sea  water  that  would  yield  H.iKK)  bushels  of  salt;  so  it  will  be  seen  that 
the  substance  rei>rcsents  a  liip:li  degree  of  concentration  as  the  average  per 
cent,  of  common  5?alt  in  sea  water  is  only  2.G1  per  cent.*  and  the  amount 
of  "salt  lime*  obtained  is  only  alM)ut  1  per  cent,  of  that  of  the  common 
salt. 

Ihis  bijih  degrei'  of  concentration  has  led  me  to  investigate  the  sub- 
stance to  sec  if  it  ix>ssesses  any  radio-activity,  as,  owing  to  the  wide  dis- 
tribution of  radio-active  material  more  or  less  of  it  must  find  its  way  into 
the  ocean,  and.  judging:  from  the  position  of  radium  in  the  periodic  sys- 
tem, the  salts  of  radium  ouglit  to  be  found  as  sulphates  among  the  less 
soluble  constituents  of  the  ocean  water. 

Exi)eriments  are  now  under  way  with  a  view  to  still  furtlier  concen- 
trate the  material  and  to  find  whether  it  contains  any  trace  of  radio-active 
material. 

Upon  consulting  the  literature  to  whi(»h  I  have  had  access.  I  find  that 
mention  is  made  in  nearly  all  cases  of  the  separation  of  gypsum  (CaSO*, 
211/))  prior  to  the  separation  of  common  salt  in  the  evaporation  of  both 
sea  water  and  natural  brines  from  wells. 

I  have  conducted  a  qualitative  analysis  of  the  salt  lime  in  the  regular 
way  and  find  that  it  does  consist  mainly  of  g>'psum.  It  has  the  water  of 
crystallization  and  gives  the  reactions  of  Ca  and  SO4.  It  gives,  moreover, 
evidence  of  tlie  i)r(»sonce  of  a  small  amount  of  carl)onate  of  calcium.  I  have 
seen  no  mention  of  this  last  fact  in  the  literature  to  which  I  have  had  ac- 
cess. In  order  to  determine  tlie  proiKirtion  of  carbomite  in  the  mixture 
I  pulverized  al)out  2()g.  in  an  agate  mortar  until  it  had  all  passed  through 
a  lOO-mesIi  sieve;  tlien  taking  a  "fair  sample,"  as  in  assaying,  I  weighed  out 
r>.(J(»2:j  grains  into  a  Selinitter  ai)i>aratns  and  determined  the  weight  of  CO, 
lost,  in  the  usual  manner. 

The  weiglit  of  CO,  lost  was  .oiTifig,  indicating  a  weight  of  .4354g  of 
CaCQ.,  (caknlated)  or  .(12  per  cent.  Ca(^(),.  A  second  determination  gave 
.71  per  cent. 

1  have  testt»d  carofnlly  Utv  Ha  and  Sr.  using  the  ordinary  form  of 
chemical   sped i-osce[>e  as   well    as   tlie   regular  analytical   tests,   and   have 

*New  rntornational  Encyclopoedia,  i>.  723.    3.5  parts   solid  in  100.    77.76    percent    of 
solid  is  salt. 
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found  no  trace  of  either.  I  have  also  tested  for  PO4  and  fluorine  with  nega- 
tive results. 

On  heatlnp  a  sample  of  the  salt  lime  in  a  dry  test  tube,  there  was 
a  slight  charring,  jiossibly  due  to  a  slight  amount  of  material  from  the 
wooden  vats  or  iierhaps  from  soa  algae.  There  was  also  a  slight  smell  of 
NH3  on  lH)iling  a  large  mass  of  the  fluely-powdered  substance  with  excess 
of  NaOH  in  an  attempt  to  remove  CaS()4  to  secure  concentration  of  the 
less  soluble  constituents.  This  was  i)robably  also  due  to  small  amounts  of 
remains  of  sea  algae. 

From  my  study  of  the  substance  I  would  conclude  that  it  consists 
mainly  of  g>'psuni.  but  that  it  contains  an  appreciable  amount  of  CaCOa 
(.65  per  cent.)  and  that  it  is  remarkably  free  from  other  constituents,  due 
probably  to  the  sharp  distinctions  in  solubility  l)etween  the  less  soluble  and 
the  more  soluble  constituents  of  sea  water.  I  hope  to  concentrate  further 
a  considerable  amount  of  the  substance  and  examine  it  for  traces  of  radio- 
active material  or  other  constituents. 


7— A.  OF  Scibucb. 
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The  Effect  of  Sugar  on  Sourness. 


r.  N.  Evans. 


It  Is  common  experience  thiit  some  foods  and  beverages  taste  less  sour 
when  sugar  is  added,  and  it  seems  worth  while  to  seek  an  explanation  of 
the  fact 

In  books  of  popular  science  the  statement  is  sometimes  made  that 
the  sugar  "neutralizes"  the  acid — in  some  such  way,  presumably,  as  a  base 
might  This  explanation  is  untenable  from  the  chemist's  standpoint,  in- 
asmuch as  sugar  enters  into  no  sucli  reaction  with  acids. 

Better  Informed  writer^  sometimes  aAor  that  since  sugar  can  not  neu- 
tralize acids  its  value  in  such  cases  Is  only  imaginary  and  not  real.  Since, 
nowever,  in  matters  of  taste,  if  the  ima?cinntion  is  satisfied  the  problem  Is 
practically  solved,  it  bei^omes  of  interest  to  know  how  the  imagination  Is 
satisfied  in  this  instance. 

Sourness  is  now  known  to  i>e  a  property  of  the  hydrogen  ion ;  for  all 
acids,  and  acids  only,  are  sour,  and  all  have  this  constituent,  and  this  only, 
in  common,  when  dissolved  in  water.  A  diminution  in  intensity  of  sour- 
ness must  therefore  be  due  either  to  a  reduction  in  the  number  of  hydrogen 
ions  in  a  given  volume  of  the  solution,  or  .to  a  lessened  sensitiveness  to 
sourness  on  the  part  of  the  nerves  of  taste. 

An  investigation  was  made  by  the  writer  as  to  whether  the  introduction 
of  sugar  diminislied  the  degree  of  ionization  of  hydrochloric  acid  in  a  given 
solution,  using  the  freezing  point  method,  and  it  was  found  that  there  was 
no  efl^ect,  the  degree  of  ionization  of  tiie  acid  being  the  same  in  the  pres- 
ence and  in  the  absence  of  sugar. 

Tlie  value  of  sugar,  then,  must  depend  on  its  physiological  effect  on 
the  nerves  of  taste,  not  on  any  chemical  action  by  which  the  concentration 
of  hj'drogen  ions  is  reduced. 

Some  years  ago  Professor  T.  W.  Richards  of  Harvard  University  (Am. 
Chem.  Jour.  I8US,  121),  called  attention  to  the  delicacy  of  the  sense  of  taste 
in  detecting  sourness  and  in  comparing  it  in  different  intensities.  With  the 
assistance  of  Miss  Carrie  Richardson  (now  Mrs.  C.  E.  Roth)   the  writer 
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made  a  series  of  over  four  hundred  experiments  in  detecting  acid  in  the 
presence  and  in  the  absence  of  sugar. 

The  experiments  were  conducted  as  follows :  Solutions  of  hydrochloric 
acid  of  Isnown  strength  were  prepared,  and  equivalent  solutions  of  sodium 
hydroxide  were  added  gradually,  the  solution  being  tasted  after  each  ad- 
dition until  sourness  disappeared.  In  other  experiments  the  acid  was 
added  to  the  alkali  until  sourness  was  noticeable.  Both  methods  proved 
about  e<iually  delicate.  As  long  as  the  solution  was  strongly  acid  or  alka- 
line, only  a  drop  or  two  was  introduced  into  the  mouth,  but  when  the 
neutral  point  was  almost  reached  a  cubic  centimeter  of  liquid  was  used 
and  held  in  the  mouth  for  a  few  seconds.  The  graduations  of  the  burettes 
were  hidden  during  every  titration,  that  the  judgment  might  not  be  prej- 
udiced. 

Experiments  were  made  with  solutions  of  acid  varying  from  0.715 
normal  to  0.0143  normal,  or  solutions  containing  0.715  to  0.0143  milligrams 
of  hydrogen  ions  per  cubic  centimeter.  Sugar  was  added  in  quantities 
ranging  from  0.04  to  0.8  grams  per  cubic  centimeter. 

With  the  experience  gained  in  about  twenty  titrations  considerable 
accuracy  of  taste  had  been  acquired,  so  that  consistent  results  were  then 
obtained  differing  only  about  1  part  in  70  in  a  15  cubic  centimeter  titration 
with  the  stronger  solutions  and  in  the  absence  of  sugar,  from  those  ob- 
tained with  chemical  Indicators,  the  error  being  in  almost  all  cases  in  the 
same  direction,  as  might  be  expected — sourness  disappeared  with  the  ad- 
dition of  less  alkali  than  the  acidity  as  determined  by  phenolphthalein,  or 
sourness  appeared  only  on  adding  slightly  more  acid  than  required  by  the 
indicator.  With  the  more  dilute  solutions,  however,  the  absolute  results 
were  more  exact  This  is  accounted  for  by  the  presence  at  the  end  point 
of  less  salt  (due  to  the  neutralized  acid  and  alkali)  in  the  more  dilute  solu- 
tions, the  presence  of  salt  reducing  the  delicacy  of  the  sense  of  taste  for 
sourness.  With  the  most  dilute  solutions  it  was  found  possible  to  recog- 
nize with  certainty  the  presence  of  0.007  milligrams  of  hydrogen  ions  in 
the  mouth.  In  1  cubic  <*entimeter  of  liquid,  although  4  milligrams  of  salt 
were  also  present.  In  the  most  concentrated  solution  0.01  milligrams  of 
hydrogen  ions  was  recognizable  In  the  presence  of  .'34  milligrams  of  salt. 

The  presence  of  sugar  had  the  same  effect  as  that  of  salt — the  more 
sugar  present  in  the  solution  the  larger  was  the  quantity  of  acid  necessary 
for  detection  by  taste;  even  the  largest  quantities  of  sugar  used  (0.8  grams 
per  cubic  centimeter)  increased  the  necessary  quantity  of  acid  less  than  1.5 
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times  coiniiared  with  tluit  iieedeii  in  tlie  absence  of  sugar;  4.0.34  grams  of 
salt  was  alH)ut  as  effective  as  0.8  grams  of  sugar.  In  otlier  words,  if  the 
mind  is  intent  on  noticing  sourness,  even  hirge  quantities  of  sugar  do  not 
seriously  interfere.  In  the  usual  eating  of  sweet  and  sour  food,  however, 
the  mind  is,  as  it  were,  engrossed  with  the  sensation  of  sweetness  and  ren- 
dered correspondingly  less  sensitive  to  other  tastes. 

In  al!  probability  any  other  powerful  taste  would  be  as  effective  in  hid- 
ing sourness  as  sweetness  is,  but  no  other  taste  in  concentrated  form  is  so 
generally  agreeable  as  sweetness.  The  sourness  of  lemonade  would  cer- 
tainly be  as  thoroughly  masked  by  highly  salting  it  as  by  the  addition  of 
sugar:  the  result  would  not,  however,  be  as  agreeable  to  the  majority  of 
lemonade  drinkers,  probably. 

In  conclusicm,  brief  reference  might  be  made  to  a  few  experiments  on 
the  effect  of  sugar  on  bitterness,  as  sw(*etness  and  bitterness  are  commonly 
considered  to  be  mutually  exclusive  terms — a  thing  can  not  be  both  sweet 
and  bitter,  though  it  can  be  at  once  sweet  and  sour.  The  experiments  were 
made  by  the  writer  ^^  ith  mixtures  of  solutions  of  sugar  and  of  quinine,  but 
It  was  found  imi>osslble  to  obtain  any  numerical  results,  for,  no  matter 
what  the  propi)rtlon  within  very  wide  limits,  the  sensation  of  sweetness 
preceded  that  of  bitterness,  the  mixture  tasting  sweet  at  the  first  moment 
and  then  bitter,  the  latter  sensation  being  very  lasting. 

The  use  of  sugar,  then,  to  render  sourness  less  Intense,  Is  based  on  a 
physiological,  not  on  any  chemical  effect;  the  nerves  of  taste  are  less  sen- 
sitive to  one  kind  of  taste  in  the  presence  of  another,  though  the  mind  by 
concentration  can  largely  overcome  this  obscuring  effect. 


1  •   »     »     " 
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A  Simple  Method  of  Measuring  Hydrolysis, 


Georok  a.  Abbott. 


Several  methods  of  measuring  tlic  decree  of  hydrolysis  of  dissolved 
salts  have  lK?en  projwsed  from  time  to  time:  e.  g.,  the  measurement  of  the 
rate  at  which  the  solution  aaimnitles  an  ester,  such  as  etliyl  acetate;  the 
rate  of  hydration  of  milk  sugar ;  and  the  measurement  of  the  partial  pres- 
sure of  ammonia  gas  over  solutions  of  its  hydrolysed  salts;  but  none  of 
these  methods  is  prec'ise.  and  even  under  the  most  favorable  c^onditions, 
they  are  far  from  satisfactory.  The  first  is  based  ujxjn  the  l)old  assump- 
tion that  the  rate  of  saponification  is  iiroportional  to  the  concentration  of  the 
hydroxy  1  ions,  and  that  it  is  unaffcced  by  the  presence  of  other  molecular 
aggregates;  the  scK'ond  method  involves  a  similar  assumption;  while  the 
last  is  of  little  if  any  practical  value,  owing  to  experimental  difficulties. 

The  method  al)out  to  be  descril»ed  was  developed  in  the, course  of  an 
extended  research  on  the  ilissociation  relations  of  Ortho  and  Pyro  Phos- 
phoric Acids  and  their  salts,  which  will  be  published  in  detail  elsewhere. 
It  is  Bimple  and  convenient,  and  should  i)e  capable  of  a  fairly  wide  appli- 
cation to  the  ammonium  salts  of  other  weak  acids ;  therefore  it  has  seemed 
sufficiently  interesting  to  justify  a  brief  description  at  this  time. 

When  an  aqueous  solution  of  ammonia  is  shaken  up  with  chloroform, 
the  ammonia  distributes  itself  between  the  two  non-miscible  solvents,  and 
the  distribution  ratio  is  constant  at  a  given  temi)erature.  Fortunately  this 
ratio  is  of  a  magnitude  which  makes  it  possible  to  determine  the  concen- 
tration of  the  ammonia  in  the  aqueous  solution  by  simply  titrating  a  meas- 
ured volume  of  the  chloroform  with  which  the  solution  is  in  etiuilibrium. 
It  is  obvious  that  we  may  take  advantage  of  this  fact  to  determine  the  con- 
centration of  the  free  ammonia  in  a  solution  of  its  hydrolysed  salt,  and  thus 
determine  the  degree  of  hydrolysis.  It  is  free  from  assumi)tions  and  is  as 
direct  as  a  chemical  analysis  itself. 

But,  simple  in  principle  as  the  method  appears,  its  successful  applica- 
tion requires  attention  to  certain  experimental  details.  The  chief  difficulty 
arises  from  the  fact  that  the  anmioniacal  solutions  form  emulsions  with  the 
chloroform  layer  which  remain  turbid  even  after  standing  several  hours  in 
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the  thermostat.  Drops  of  the  aqueous  solution  of  variable  size  thus  remain 
suspended  in  the  chloroform  layer,  making  it  impossible  to  obtain  concord- 
ant results  when  different  samples  are  titrated.  Fortimately  this  diffi- 
culty may  be  easily  overcome  by  merely  rotating  the  solutions  in  glass- 
stoppered  bottles  in  the  thermostat  For  this  purpose  the  bottles  are  fast- 
ented  to  the  axle  of  the  rotary  stirrer  of  the  thermostat  after  the  familiar 
method  of  making  solubility  measurements,  and  allowed  to  rotate  several 
hours  (one  to  three),  when  the  two  phases  invariably  separate  perfectly 
clear,  with  a  sharply  defined  bounding  surface.  In  order  to  establish  the 
equilibrium  between  the  solution  of  the  hydrolysed  salt  and  the  chloroform, 
the  latter  is  vigorously  shaken  with  the  aqueous  solution  in  a  stoppered  s^- 
aratory  funnel.  The  phases  are  allowed  to  separate,  after  which  the  water 
layer  is  removed  as  completely  as  practicable,  and  another  portion  of  the 
solution  is  added.  This  process  is  repeated  until  three  portions  have  !>een 
shaken  up  with  the  chloroform ;  a  fourth  portion  is  then  rotated  with  the 
chloroform,  at  a  constant  temperature,  as  described  above.  It  is  important 
to  remove  the  sample  of  chloroform  for  titration  without  contamination  by 
any  of  the  aqueous  solution.  This  may  be  easily  done  by  means  of  a 
syphon.  The  short  limb  of  the  glass  tube  is  sealed  in  the  flame,  and  a 
small  thin  bulb  blown  on  the  end.  It  may  then  be  passed,  closed,  through 
the  aqueous  layer,  and  opened  by  breaking  against  the  bottom  of  the  bottle. 
The  chloroform  is  syphoned  into  a  clean,  dry,  vessel,  measured,  and  titrated 
with  0.02  Normal  hydrochloric,  or  nitric,  acid,  using  methyl  orange  as  in- 
dicator. Enough  pure  water  should  be  added  to  make  a  layer  of  convenient 
depth  to  view  the  color  of  the  indicator ;  since  the  latter  does  not  enter  the 
chloroform,  and  the  stoppered  vessel  should  be  vigorously  shaken  at  in- 
tervals during  the  titration. 

The  distribution  coefficient  of  ammonia  between  chloroform  and  water 
was  measured,  at  18°,  at  concentrations  0.1,  0.05,  and  0.02  Normal,  and  the 
mean  of  eight  measurements  gave  27.36.  This  is  the  ratio  of  the  concen- 
tration of  the  undissociated  ammonia  in  the  aqueous  solution  to  the  con- 
centration of  the  ammonia  in  the  chloroform. 

The  method  was  applied  to  the  measurement  of  the  degree  of  hy- 
drolysis of  NaoNH,P04,  at  18°,  and  concentrations  0.1,  0.05.  and  0.02  molal, 
with  the  following  results: 
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Cone.  MoIh.  per  Litre.  Per  Cent.  Hydrolysis. 
0.1  95.39 

0.05  95.44 

0.02  95.65 

That  is,  In  a  solution  of  Na2NH4P04,  at  the  above  concentration,  only 
5  per  cent  of  the  ammonia  is  chemically  combined.  When  the  hydrolysis 
is  large  the  method  is  accurate,  and  even  when  it  is  small  the  results  are 
good,  as  shown  ?)y  the  following  values  for  the  salt  NaNH4HP0«: 

Cone.  Mols.  per  Litre.  Per  Cent.  Hydrolysis. 

0.1  2.98 

2.92 
2.98 

0.05  3.02 

3.13 
3.02 
2.90 


Mean,  3.0 

These  values  are  corrected  for  the  ionization  of  the  ammonia  at  the 
different  concentrations. 
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The  Ionization  of  the  Successive  Hydrogens  of  Ortho 

PHOSPHORIC  Acid. 


.  George  A.  Abbott, 


Tbe  dissociation  relations  of  iwlybasie  acids  are  at  present  inii>erft»ctl,v 
understood.  Owinjj  to  tlie  natural  complexity  of  the  compounds  and  the 
experimental  difficulties  due  to  hyrolysis,  hydration,  and  possibly  asso- 
ciation in  solution,  few  investigators  have  attempted  to  determine  the  dis- 
sociation constants  of  the  different  hydrogens  of  these  acids;  but  the  re- 
cent develoi>ment  of  i)hysico-chemical  methods  of  investigating  the  nature 
of  dissolved  substances  has  made  the  solution  of  such  problems  appear  en- 
tirely practicable.  Therefore  an  extended  investigation  was  undertaken, 
at  the  suggestion  of  Prof.  A.  A.  Noyos,  in  the  hope  that  an  exhaustive  study 
of  the  dlsscK'iation  relations  of  the  phosphoric  acids  might  contribute  to- 
ward a  better  understanding  of  their  chemical  behavior  In  Inorganic  re- 
actions. 'I  his  investigation  v\as  conducted  in  the  Research  Laboratory  of 
Physical  Chemistry  of  the  Mass.  Inst,  of  Technolog3\ 

In  this  paper  I  shall  attempt  to  present  briefly  only  a  few  results,  in 
the  hoi)e  that  they  may  i)rove  sufficiently  Interesting  to  justify  their  presen- 
tation. The  method  of  measuring  hy(lrolysis  described  in  the  previous  pa- 
I)er  gives  us  at  once  a  reliable  means  of  determining  the  dissociation 
constiuits  of  weak  acids.  When  both  a<-id  and  base  are  weak  (slightly  dis- 
sociated), the  following  relation  holds: 

(T— h)    "    KaKb 

in  which  //  denotes  the  degree  of  hydrolysis  of  the  salt,  and  Kw,  Ka  and 
Kb  are  the  dissociation  constants  of  water,  the  acid  and  the  base,  respect- 
ively. They  are  defined  by  the  following  expressions  of  the  Mass  Action 
Law : 

Kw  =  Ch  X  Co5 
Ka  -  Th  X  Ca. 

Kb  =  C'B  X  CoH 


C 


BOH 
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The  dissociation  constants  of  tlie  successive  liydrogeus  of  Orthophos- 
phoric  Acid  will  be  designated  K„  IC.  and  K^.  Tliey  are  defined  by  the 
Mass  Action  equations: 

Ki  r=  H  X  Ha  PO4 
HaPO, 

K3  =  H  X  HPQT 
H,  PO^ 

K3  =  H  X  POT 
HPOt 

They  will  be  considered  in  inverse  order.  , 

Ka  may  he  determined  l>y  substitutins?  the  value  of  h,  obtained  by  the 
partition  method,  in  the  liydrolysis  t-quation. 

h  =  .96. 

Kw  =  8  X  10-^*  (mols.  per  litre). 

Kb=  172  X  10-^ 

(.96)2  60XlO-^«  • 


(1.  —  .95)  *      (K3)  (1.72  X  10')  whence, 
K3  =  6.48  X  10  ^»  (moU.  per  litre). 

K>»  was  also  determined  by  an  utterly  indei>endent  method  based  upon 
the  measurement  of  the  increase  of  ele<'trical  conductivity  produced  on 
adding  to  solutions  of  XaJJPOi,  var>i!»?  amounts  of  ammonia.  Time  will 
not  permit  a  description  of  the  method  and  calculations  which  are  some- 
what complicated,  but  the  values  obtained  at  different  concentrations 
agreed  renuirkably  well  witli  the  alH)ve  value. 

In  like  numner  K^,  may  lie  calculated  from  the  hydrolysis  of  XaNII* 
HPO4.  The  value  obtained  by  substitution  in  tlie  above  e<juation  is  Ka  = 
3.9  X  10 — '.  but  this  calculation  fails  to  talvc  into  account  the  influence  of 
the  unionisied  sub^t*\ncos  in  the  solution. 

The  correction  involves  merely  the  application  of  tlie  Mass  Action  Law. 
and  the  principle  that,  in  ai*4nixture  of  salts  with  a  common  ion  each  salt 
has  the  same  degree  of  ionization  as  if  it  were  present  alone  at  a  concen- 
tration ecjual  to  the  sum  of  tlie  concentration  of  the  two  salts.  However, 
the  algebra  involved  is  not  particularly  entertaining,  and  it  will  perhaps  be 
Kurtlcient  to  give  the  mean  corrected  value  of  K^,=2.0<)xl0 — ^  It  is  then 
seen  that  the  correction  is  large.  Th(»  value  of  K,.  when  corrected  for  the 
influence  of  unionized  substances  be<"omes  K.T=5.r)r)  x  10 — '\ 

'i'he  hydrolysis  of  the  §alt  NH^H.PO^  is  too  small  to  be  measured  by  the 
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partition  metliod,  for  the  ionization  of  tlie  first  hydrogen  of  Orthophos- 
phoric  Acid  is  fairly  large.  It  does  not  accurately  obey  the  Mass  Action 
Law :  hence  K^  has  no  deft  Jte  meaning.  However,  the  degree  of  disso- 
ciation was  determined  from  the  values  of  the  electrical  conductivity  of  the 
acid  and  its  salts,  and  other  known  data,  and  the  following  values  were  ob- 
tained, at  18*C : 

Cone,  Mols.  per  TAtre,  Def/ree  of  Ionization, 
0.1  0.286 

0.05  .364 

0.01  .602 

0.UQ2  .839 

0.0002  .965 

Ostwald's  Dilution  Law  requires  that 

Or2  _^ 

wherein  C  represents  the  concentration  and  r  the  degree  of  ionization. 
Sul)stituting  the  values  of  r  we  obtain,  for  the  values  of  Ki  at  the  different 
concentrations : 

Concentration,  K. 

0.1  0.0114 

.05  .0104 

.01  .0091 

.002  .0087 

.0002  .0053 

and  it  is  seen  that  the  deviation  from  the  law  is  marked. 

A  comparison  of  the  ionization  constants  of  phosphoric  acid  with  those 
of  €K)mc  other  acids  is  interesting. 

K  X  10^° 
Acetic  Acid.  C^HgO,  —  H  180,000. 

Carbonic,  HOC,  —  H  3,040. 

Hydrosnlphuric,  HS  —  H  670. 

Boric.  H^BO,  —  H  17. 

♦Phenol,  C,.H50  —  H  1.3 

Phosphoric  Acid,  K,  =  HjPO^  —  H  100,000,000.  (Approx.). 

-       Ka  =  HP0^^4  —  H  2.090. 

•*       K,  =  PO'''  4  —  H  0.00655 


*Th68e  vslaes  aire  tftken  from  Walker,  **Zeit  Phya.  Chem."  82, 137, 1900. 
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The  first  hydrogen  of  ortho  phosphoric  acid  behaves  in  a  manner  an- 
alogous to  that  of  the  strong  acids ;  the  second  to  that  of  a  weak  add  in- 
termediate between  carbonic  and  hydrosulpburic ;  while  the  third  is  even 
weaker  than  phenol.  This  aircounts  for  the  well-known  behavior  of  the 
ncid  toward  indicators. 


lOS 


(■OEFKICIKNT   OF    EXPANSION    OF    BrICK. 


C.  V.   Sea  STONE. 


luasnuirh  ns  brii'k  is  us(mI  oxttMislvtOy  as  a  buildinj;  material  in  differ* 
cut  ways  niid  in  difToriMit  typos  of  coiistriKtion,  ami  also  beneose  it  is  used 
to  a  lar;;o  extent  as  a  ]»avin^  material,  a  knowledge  of  Its  physical  proper- 
ties is  of  value.  Witii  a  view  to  increasinjr  tliis  knowkHlgo  a.  series  of  ex- 
IHM'iinents  were  made  at  Inrdne  University  to  determiue  the  eoefflcient  of 
expansion  of  different  irradcs  of  ])rirk.  It  is  the  puriK>se  of  this  paper  to 
;:ive  tlie  results  of  tliese  exi>eriments.* 

Tlu'  method  used  to  determine  the  eoethcient  was  to  subject  a  bar  of 
sttH'l  whose  eiK'Micient  of  expansion  was  known,  and  the  specimen  of  brick, 
to  ichMitieal  chanuos  of  tt»mperature.  The  diflferemre  of  expansion  wa« 
nu»asured  by  the  principal  of  the  optical  hwcr.  This  difference  reduced  to 
unit  lenj;th  and  ludt  teniiK»rature  gave  a  corrc<'tioQ  to  appl^'  to  tlie  coef- 
tirient  of  the  metal  bar. 

The  apparatus  used  for  these  experiments  was  desigued  by  Professor 
W.  1).  Tence.  fornuM*  Prof(»ssor  of  Civil  Knglrnvring  at  Purdue  University, 
an<l  used  by  him  to  th^tcrmine  the  coellicieiit  of  expansion  of  concrete.  It 
consists  of.  tirst.  the  sptM-imen  to  be  testeil;  second,  the  bar  of  steel  of 
knt)wn  cocllicient :  third,  a  heating  apparatus,  consisting  of  a  double-walled 
steam  jacket  through  which  the  mirror  of  the  optical  lever  eould  be  seen: 
fourth,  a  rod  in  the  opjK)slte  side  of  the  room,  wliose  image,  refltvtcxl  In  tlie 
mirror,  was  read  by  means  of  an  englmHM-'s  level.  The  thermometer  is 
hung  inside  the  heater  and  Is  read  through  the  glass  door  by  the  aid  of  an 
incand<v<'ent  lamp  snspendtnl  alongside  of  it.  The  himp  is  turned  on  only 
for  an  instant  in  order  not  to  affect  the  reading  of  the  thermometer.  Both 
the  level  and  the  steam  ja<ket  w(»ro  mounted  uiK)n  a  (concrete  foundation. 
The  arrangement  of  the  apparatus  and  the  method  of  conducting  the  ex- 
periment will  l»e  easily  miderstood  from  the  figure. 


*Th«  experimentii  were  conducted,  under  the  writer's  direction,  by  W.J.  Burton  and 
0.  W.  Wilson  (1902-I9a'n.  and  by  G.  W.  Caoe  and  d.  (\  Curtiss  (1904-1905),  as  thesis  work  in 
the  School  of  Civil  Kngineering,  Purdue  University. 
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Three  qualities  of  brick  were  used.  First,  a  good  quality  of  No.  1 
paving  briclt;  second,  a  medium  quality  of  No.  2  paving  brick;  third,  a 
soft  quality  of  ordinary  building  brick.  The  brick  were  approximately 
2''x4"x8"  in  dimension  and  were  cemented  together  in  order  to  obtain  the 
spei'imen  of  desired  length. 

Following  is  the  mean  value  obtained  for  each  of  the  above  qualities  of 
brick : 

No.  1  brick  (hard)  Coelficient  of  Eximnsion  per  degree  F  =  .00000401. 
No.  2  brick    (medium).    Coefficient    of    Expansion    per    degree  F  = 
.00000401. 

No.  3  brick  (soft).  Coefficient  of  Expansion  per  degree  F  =  .00000393. 

It  will  be  noted  that  tlie  hardness  of  the  brick  has  little  to  do  with  the 
amount  of  expansion,  the  three  qualities  giving  essentially  the  same  values. 
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Contributions  to  the  Knowledge  of  Vehicle  Woods. 


w.  K.  Hatt. 


It  Is  admitted  by  both  the  forester  and  the  manufacturer  of  vehicle^ 
that  the  supplies  of  hickory  and  like  woods  used  in  vehicle  construction  are 
becoming  scarce.  The  quality  is  ix)orer  and  the  price  is  higher  each  suc- 
ceeding year.  Indeed,  the  condition  with  respect  to  the  supply  of  vehicle 
woods  may  be  said  to  have  become  acute,  and  the  various  trade  organiza- 
tions have  become  aroused  to  such  an  extent  that  meetings  have  been  held 
to  discuss  means  of  increasing  the  sources  of  supply  and  economizing  on  the 
construction. 

Three  ways  in  general  are  open : 

First,  an  endeavor  may  be  made  to  determine  the  availability  of  new 
species  as  substitutes  for  such  woods  as  hickory  and  white  oak. 

Second,  planting  operations  might  be  made  a  success. 

Third,  a  more  economical  use  may  be  made  of  the  timber  supplies  now 
entering  the  mills  for  manufacture  into  wagon  parts. 

The  present  paper  discusses  lines  of  effort  in  the  substitution  of  new 
and  untried  species,  and  in  improving  rules  of  grading  in  the  mills  so  that 
excellent  material,  fully  available  for  service,  may  not  be  thrown  out,  as  is 
the  case  now,  by  Incorrect  rules  of  grading. 

The  Forest  Service,  United  States  Department  of  Agriculture,  and  the 
Purdue  University  Laboratory  have  for  some  years  co-operated  in  the  es- 
tablishment of  a  timber  testing  station  in  the  Laboratory  for  Testing  Ma- 
terials of  Purdue  Ifniversity.  at  which  studies  have  been  made  to  determine 
the  essential  mechanical  properties  of  various  siiecies  of  wood,  and  what 
effect  various  factors  have  upon  these  properties.  Other  studies  to  deter- 
mine ilie  correctness  of  the  rules  of  grading  for  vehicle  parts,  and  to  ex- 
amine into  the  merits  of  different  designs  of  such  parts  as  wagon  axles, 
and  to  investigate  the  properties  of  possible  substitutes,  have  a  direct  ap- 
plication to  an  imi)ortant  industry  of  the  State.  This  Laboratory  at  Pur- 
due University  is  one  of  a  series  of  laboratories  operated  by  the  Forest 
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Service  at  such  institutions  as  the  Yale  Forest  School,  and  the  Universities 
of  California,  Ore^n  and  Washington.  The  writer  of  this  paper  has  been 
in  charge  of  this  work  since  Is  inception  in  the  year  1903. 

suBsnirTfON  of  new  species. 

The  practice  of  sul^stitutlng  clienper  and  weaker  species  for  others 
which  have  become  scarce  and  hiph  priced  has  been  increasing  for  some 
time.  For  instance,  lougleaf  pine  iiarvester  poles  have  come  into  use  in 
place  of  oak  poles,  and  those  parts  of  vehicles  not  bearing  a  great  strain 
are  now  made  of  weaker  woods.  The  successful  Introduction  of  species 
which  are  quite  proT>er  for  tiie  service  is  generally  retarded  by  prejudice. 
Ck>nsumers  have  demanded  certain  species  regardless  of  their  actual  fitness, 
and  irrespective  of  the  fact  that  other  and  cheaper  woods  might  answer  the 
purpose  equally  well.  For  instance,  both  poplar  and  red  gum,  which  are 
now  held  in  such  high  estimation,  have  both  had  to  fight  their  way  for  a 
place  on  the  market  for  such  parts  as  wason  box  boards. 

It  may  be  stated  at  the  outset  that  there  is  probably  none  of  our  east- 
em  species  that  can  replace  hickory  for  strength  and  general  shock-resist- 
ing properties  and  permanence  of  shape  after  it  is  bent.  The  lines  of  en- 
deavor must  be  to  use  hickory  in  only  such  parts  of  the  wagon  where  great 
shock-resisting  properties  are  required,  and  to  correct  the  rules  of  grading 
so  that  minor  defects  which  do  not  affect  the  strength  of  the  wagon  are  not 
allowed  to  operate  to  throw  a  suitable  piece  of  hickory  out  of  use.  A  re- 
cent study  of  tlie  properties  of  the  eucalj'pts  in  California  by  the  Forest 
Service  seems  to  point  to  the  value  of  some  of  these  species  for  use  in 
wagon  construction.  The  blue  gum  (Eucalyptus  globulus)  is  the  most  com- 
mon species  in  California,  and  has  comj)eted  with  black  locust  for  Insulator 
pins,  and  has  given  satisfactory'  service  in  chisel  and  hammer  handles,  and 
has  been  used  locally  for  wagon  tongues.,  axles,  shafts,  spokes,  hubs  and 
felloes  in  California.  I'he  wood  is  hard,  strong  and  tough,  and  grows  very 
fast.  In  bending  the  modulus  of  rupture  is  23,000  pounds  per  square  inch 
for  seasoned  lumber,  about  equivalent  to  second-growth  hickory.  This 
eucalypts  seems  to  be  the  most  ])roHilsing  species  upon  which  to  draw  for 
products  requiring  great  strength,  toughness  and  hardness. 

GRADING  RULES. 

An  instance  of  the  method  of  attack  to  determine  the  correctness  of 
the  grading  is  in  the  case  of  hickory  wagon  spokes,  which  are  now  graded 
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Into  six  divlsiouH:  A,  B,  C,  D.  E  and  Culls.  Five  hundred  spokes  were 
lirocured  from  tlie  Bannister  Wheel  Company  of  Muncie,  Ind.,  and  were 
tested  under  a  direct  load  as  shown  in  the  diagram,  and  the  maximum  load, 
together  with  the  amount  of  bending  sidewise  before  fracture  was  noted. 
This  combination  of  niaxiinum  load  and  amount  of  side  bending  gives  a 
factor  whi(!h  represents  toughness  and  shock-resisting  capacity.  The  re- 
sults from  the  spoke  tests  sJiow  more  than  50  per  cent  error  in  the  present 
grading  system,  which  is  largely  due  to  the  traditional  prejudice  and  con- 
sequent discrimination  against  red  hickor>'.  No  red  spokes  are  now  al- 
lowed in  tlie  A  and  B  grades,  yet  these  tests  show  that  a  large  proportion 
of  the  red  simkes  now  included  in  the  lower  grades  should  be,  because  of 
their  strength  and  touglmess,  included  in  the  highest  grades.  It  appears, 
also,  that  weight  for  weiglit,  the  rod  spokes  and  the  mixe<l  red  and  white 
si)okes,  are  fully  as  strong  as  the  entirely  white  spokes.  These  tests  will 
be  8ui»plemented  by  tests  on  various  liickory  bugg>'  sliafts  containing  t3ri>lcttl 
defects.  Such  tests  have  an  interest  not  only  to  the  genral  public,  in  that 
a  drain  on  a  limited  class  of  material  is  somewhat  decreased,  but  they  have 
an  interest  also  to  the  grower  of  tiniber,  becjiuse  they  increase  the  market 
value  of  a  considerable  ix)rtion  of  the  product  of  the  forests. 

Tests  have  also  been  made  on  a  number  of  wagon  axles.  Various 
species  of  woods,  not  only  from  the  western  forests,  but  from  eastern 
forests,  have  been  made  up  into  axles  at  a  mill  and  have  been  submitted 
to  the  laboratory-  for  test.  At  the  present  time  the  series  Is  complete  upon 
hickory  and  mai>l€  axles  of  three  different  designs,  and  the  method  of  at- 
tacking the  problem  and  of  detennining  the  qualities  of  the  axles  by  actual 
test  will  l>e  of  interc^st  from  a  scientific  standiioint.  (Referring  to  the 
photograph  of  an  axle  under  test,  the  method  of  loading  and  measuring 
and  the  behavior  of  the  axle  is  shown  in  detail,  and  the  various  quantities 
entering  into  an  estimation  of  the  value  of  the  axle  are  explained.) 

Another  example  is  in  a  series  of  tests  to  determine  the  proper  grad- 
ing of  pine  harvest(»r  poles.  A  large  part  of  this  material  is  shipped  up 
fnmi  the  south  to  such  markets  as  Chicago,  and  is  there  graded  by  the 
manufacturers,  the  defwtive  material  being  thrown  out  at  a  loss  to  the 
shipiier,  not  only  of  the  cost  of  the  material,  but  of  the  freight  It  becomes 
important,  therefore,  to  know  whether  the  poles  thrown  out  might  be  used. 
Poles  containing  different  classes  of  defects  were  tested,  and  it  was  found 
that  at  the  present  time  there  is  an  unjustifiable  prejudice  against  the  use 
of  iwles  containing  a  considerable  per  cent,  of  sapwood. 
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xVnother  series  of  tests  on  the  relative  stren^h  of  oak  and  yellow  pine 
wagon  rioles  is  of  interest,  not  only  for  the  method  of  loading  and  measur- 
ing the  quality  of  the  i)ole.  but  from  the  light  It  throws  on  the  essential 
diflference  between  products  from  such  woods  as  oak  and  such  woods  as 
yellow  pine.  (Refen'ing  to  the  diagram,  the  method  of  loading  and  meas- 
uring the  various  elements  of  the  test  were  shown.  The  general  results  of 
the  investigation  are  also  shown  by  the  diagram  and  table,  from  which  it 
appears  that  while  longleaf  pine  poles  are  as  strong  and  elastic  as  the  oak 
poles,  yet  they  lack  the  toughness,  and  the  effect  of  a  cross  grain  Is  much 
more  perious  than  in  the  case  of  oak.) 

1  lief«e  various  instnnces  are  brought  forward  to  show  the  method  of 
attack  and  scientific  care  in  aiding  the  solution  of  a  large  commercial 
problem  of  this  kind.  The  results  of  these  tests  will  appear  in  a  publica- 
tion by  the  Forest  Ser\'ice. 


S— A.  OF  SCIIHOI. 
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Notes    Upon  thk  Rate  of  Tree  Growth  in  Glacial  Soils  in 

Northern  Indiana. 


Stanijcy  Coulteb. 


The  clearing  of  certain  small  timber  areas  near  Lafayette  in  January 
and  February,  190G,  gave  an  exceptional  opportunity  for  studying  the  rate 
of  growth  of  certain  native  species  of  trees.  The  species  occurring  in  suf- 
ficient number  to  warrant  deductions  were  the  white  oak,  red  oak  and 
black  walnut.  Of  the  red  oak  forty -nine  trees  were  examined ;  of  the  white 
oak,  sixty,  and  of  the  black  walnut,  thirty-two.  It  was  assumed  that  the 
annual  rings  gave  a  fair  indication  of  the  age,  despite  the  occasional  forma- 
tion of  t^vo  rings  in  a  single  year,  or  the  apparent  suppression  of  an  annual 
ring  because  of  exceptionally  unfavorable  conditions,  which  were  recog- 
nized as  possible  contingencies.  In  the  forms  examined  neither  of  these 
conditions  w^ere  indicated,  the  growth  in  each  case  having  apparently  pro- 
ceeded in  an  orderly  and  orthodox  fashion. 

The  measurements  are  the  averages  of  the  longest  and  shortest  diam- 
eters and  were  taken  inside  of  the  bark.  Both  the  measurements  and  the 
counting  of  the  rings  were  made  by  four  groups  of  students,  insistence  being 
placed  upon  ac(?uracy.  In  cases  of  discrepancy  a  recount  or  remeasurem^it, 
or  in  some  cases  both,  was  directed.  The  tables,  therefore,  may  be  con- 
sidered as  exceptionally  accurate,  each  specimen  having  been  independently 
studied  by  four  groups  working  on  different  days. 

The  oaks,  with  but  few  exceptions,  oc(*urred  on  the  highest  levels,  Just 
northwest  of  Purdue  University.  The  general  surface  is  rolling,  with  a 
southeastern  exposure,  more  or  less  Interrupted  by  ravines  formed  by  small 
streams.    Approximately  the  topographical  conditions  were  the  same. 

The  soil  in  t!ie  area  under  consideration  is  relatively  thin.  It  consists 
of  a  few  inches  of  luinius  made  up  of  the  usual  forest  material ;  a  few 
inches  (8-12)  of  a  loam  soil  more  or  less  alluvial  in  character,  followed  by 
perhaps  a  foot  of  fairly  heavy  clay.  Underlying  this  is  the  glacial  drift, 
extending  downward  from  one  hundred  and  ten  to  one  hundred  and  twenty 
feet  to  the  bed  of  the  river.    The  drift  in  this  region  is  mainly  sand  and 
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grayel,  with  a  few  thin  seams  of  light  clay  at  various  levels.  Throughout 
the  area  from  which  the  oaks  were  cut,  the  soil  overlying  the  drift  ma- 
terial ranges  from  eight  to  twenty-three  inches  in  thickness.  So  far  as  the 
physical  and  chemical  composition  of  the  soil  is  concerned  we  have  prac- 
tically identical  conditions  over  the  entire  area. 

The  black  walnut  was  cut  for  the  most  part  in  an  area  lying  in  the 
second  river  terrace,  where,  in  addition  to  the  forest  huipus,  there  occurs 
from  three  to  five  feet  of  alluvial  soil  before  the  clay  is  struck.  The  clay 
also  in  this  area  is  perhaps  twice  as  thick  as  in  the  former  case.  The  ter- 
race has  an  eastern  exposure,  while  the  curves  of  the  river  protect  the  par- 
ticular tract  in  question  from  the  north  winds,  but  leave  it  open  to  winds 
from  the  south.  Upon  the  west  it  is  protected  by  the  escarpment  of  the 
upper  terrace.  The  area  covers  but  a  few  acres  and  evidently  furnishes 
as  uniform  conditions  as  can  be  found  in  nature.  The  two  tracts  present, 
however,  fairly  distinct  conditions,  a  fact  which  should  be  borne  in  mind  in 
any  comparison  of  the  rate  of  growth. 

The  measurements  of  the  different  species  are  given  in  tabular  form  as 
famishing  in  the  main  the  data  for  the  deductions  drawn  later  in  this 
paper.  Possible  occasional  errors  may  occur  in  the  computation  of  per- 
centages  in  spite  of  the  fact  that  the  figures  have  been  reviewed  three 
times. 

From  the  tables  it  is  shown  that  in  the  area  indicated  and  under  the 
conditions  outlined  the  average  yearly  increase  in  white  oak,  based  upon 
sixty  ^;)ecimens,  was  .1995  of  an  inch;  of  red  oak,  based  upon  forty -nine 
specimens,  was  .22674  of  an  inch ;  of  black  walnut,  based  upon  thirty-two 
specimens,  was  J27712  of  an  inch. 

A  number  of  interesting  inferences  seem  plain. 

1.  There  is  a  wide  range  in  the  growth  rate  in  trees  of  the  same 
species,  even  when  growing  under  the  same  conditions.  Thus  the  range  in 
white  oak  is  from  .095  to  .328  of  an  inch ;  in  red  oak,  from  .134  to  .515  of 
an  inch;  in  black  walnut,  from  .195  to  .358  of  an  inch.  Such  wide  range 
under  conditions  so  nearly  identical  must  be  referred  to  individual  idiosyn- 
cracies,  probably  referable  in  most  cases  to  the  vigor  of  the  acorn,  to  the 
character  of  the  tree  from  which  the  acorn  was  derived,  to  inherited  growth 
tendencies  or  similar  causes.  An  examination  of  the  table  of  trees  of  simi- 
lar age  in  respect  to  their  diameters  will  show  clearly  this  ••personal  equa- 
tion" of  the  tree.    For  example,  in  Table  II,  numbers  38  to  45,  inclusive. 
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Table  L    Qusrcto  alba. 


Serial  Number. 


Inches 
Diameter. 


No.  of  An. 
Rings. 


Averafe 
Yeariy 

Increase. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 

31. 

32. 

33. 

34 

35. 

36. 
37. 
38. 
39. 
40 


41. 
42. 
43. 
44. 
45. 

46. 
47. 
48. 
49. 
50 

51. 
52. 
53. 
54. 

55. 

56. 
57. 
58. 
59. 
60. 


32 
11 
11 
16 
22 

13 

19 

17 

15.5 

17 

17 

17 

16.5 

15 

13 

12  5 

15 

15.5 

13.5 

21.5 

16 
20 
13 
19 
19 

47 
9 
12 
16 
17 

15 
24 
12 
12 
50 

28 
28 
31 
26 
30 

18.5 

18.5 

25 

14 

13.5 

20 
16 
20.5 


13 
15 

14. 

13 

13 

17 

41 

15. 

17 

17 

17. 

16. 


5 
5 


200 
68 
74 
76 
78 

66 
60 
74 
74 
76 

79 
77 
74 
75 
77 

75 
77 
77 
78 
80 

79 
77 
77 
77 
75 

303 
63 
73 
78 


78 

252 

75 

75 

243 

185 
180 
222 
232 
230 

72 
77 
76 
73 
77 

77 
79 
81 
76 
78 

73 
76 
76 
75 
206 

80 
76 
79 

78 
78 


.160 
.162 
.149 
210 
.282 

.196 
.317 
.230 
209 
.223 

.215 
.220 
.228 
.200 
.170 

.166 
.195 
.201 
.178 
.269 

.202 
.260 
.169 
.247 
.258 

.155 
.148 
.164 
.206 
.191 

.192 
.005 
.160 
.160 
.206 

.151 
.156 
.140 
.112 
.130 

.257 
.240 


.191 
.175 

.261 
.208 
.253 
.177 
.200 

.200 
.171 
.171 
.226 
.197 

.194 
.238 
.215 
.223 
.211 


TaBLK  II.     QUERCUS  RUBRA. 
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Serial  Number. 


1. 
2. 
S. 
4. 

5. 

6. 
7. 
«. 
9. 
10. 

11. 

12 
13. 

14. 
15. 

16. 

17 

18. 

19. 

20. 

21. 

22. 
23. 
24. 
25. 

26. 

27. 

28 

29. 

30. 

31. 
32. 
33. 
34. 
35. 

36 
87 

38. 
39 
40. 

41. 
42. 
43. 
44 

45. 

46. 
47. 
48. 
49. 


Average 

Inches 

No.  of  An. 

Yearly 

Diameter. 

Rin«B. 

Increase. 

20 

76 

.263 

15 

78 

.102 

14 

77 

.182 

15 

77 

.193 

14.5 

75 

.198 

24 

77 

.311 

22 

78 

.282 

22 

83 

265 

20 

82 

.244 

19 

82 

.231 

16.5 

82 

.201 

15 

82 

.183 

17 

82 

.207 

15 

82 

.183 

9.5 

76 

.125 

15 

80 

.187 

23 

73 

.315 

14.5 

77 

.188 

12 

87 

.138 

15.5 

115 

.134 

14.5 

76 

.190 

15.5 

90 

.172 

13.5 

78 

.173 

13 

71 

.188 

11.5 

74 

.155 

15 

63 

.238 

14.5 

76 

190 

16 

73 

.219 

22.5 

81 

.277 

16 

70 

.228 

14.5 

24 

20 

22 

20 

22 

33 

22 

18.5 

20 

19 
15 
17 
15 
16.5 

13.5 
11 
23 
18.5 


72 
88 
64 
79 
71 

71 
64 
82 
82 
82 

82 
82 
82 
82 
82 

61 
60 
73 
82 


.201 
.272 
.312 
.278 
.281 

.310 
.515 
.268 
.225 
.243 

.231 
.182 
.207 
.182 
.201 

.221 
.183 
.315 
.225 
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Tabli  UL   JuoLAm  riqra. 


1. 
2. 
3. 
4. 
6. 

6. 
7. 
8. 


Serial  Number. 


Inches 
Diameter. 


25 
14 
15 
19 

18 


No.  of  An. 
Rings. 


21 
19 
20 


58 
64 


ATenge 

Teaily 

Incnue. 


82 

.306 

64 

.219 

77 

.195 

78 

.200 

67 

.270 

81 

.200 

.327 
.312 


9 

1     18 
20 

14 

15.5 

21.5 

21 

22.5 

20 

24 

15 

22.5 

18 

19 
20 
20 
24 

17 
16 
23 
23 

22 
22 
19 
20 

78 
74 

52 
68 
64 
72 
71 

66 
67 
45 

88 
74 

76 
70 
78 
80 

63 
60 
74 
80 

77 
83 
79 
75 

.337 

10 

.270 

11 

.270 

12 

.228 

13 

.336 

14 

.291 

15 

.317 

16. . : 

.303 

17 

.358 

18 

.338 

19 

.265 

20 

.243 

21 

.250 

22 

.285 

23 

.356 

34 

.300 

25 

.270 

26 

.266 

27 .' 

.811 

28 

.387 

20 

.285 

30 

.265 

31 

.240 

32 

.266 

are  of  the  same  age  and  grew  on  a  gentle  northward-facing  slope  in  an  area 
of  less  than  an  acre,  yet  the  diameters  range  from  15  to  22  inches. 

2.  Conclusions  as  to  the  rate  of  growth  of  various  species,  which  fail 
to  take  into  account  individual  variations  are  manifestly  misleading.  This 
variation  may  reach  as  much  as  25  to  30  per  cent,  above  or  below  the  aver- 
age growth  rate.  Incidentally  it  j^ives  strong  emphasis  to  the  necessity  of 
great  care  In  the  selection  of  seeds  for  cultural  work — since  a  careful  se- 
lection may  increase  the  wood  crop  to  the  extent  of  25  per  cent,  beyond  the 
average. 

3.  The  growth  rate  in  the  area  examined  was  exceedingly  slow,  especi- 
ally in  the  case  of  the  oaks.  In  a  report  of  \V.  F.  Fox,  Superintendent  of 
State  Forests.  New  York,  it  is  stated  that  a  vigorous  three-inch  white  oak 
sapling  would,  under  favorable  conditions,  at  the  end  of  twenty  years  at- 
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tain  a  diameter  of  eleven  inches,  or  make  a  net  gain  of  eight  inches.  This 
would  give  an  average  yearly  increase  of  .4  of  an  inch,  which  is  considerably 
greater  than  the  highest  yearly  increase  in  any  of  the  sixty  specimens  ex- 
amined, or  .328  of  an  inch.  ^Ir.  Fox  also  states  that  a  three-inch  red  oak 
sapling  would,  in  twenty  years,  attain  a  diameter  of  thirteen  inches,  thus 
making  a  net  gain  of  ten  inches.  This  gives  a  yearly  rate  of  .5  of  an  inch, 
or  more  than  double  the  average  yearly  rate  (.22674  of  an  inch)  of  the  forty- 
nine  specimens  examined.  It  is  true  that  specimen  37  shows  an  average 
yearly  growth  of  .515  of  an  inch,  but  the  next  is  .336  of  an  inch  and  only 
six  out  of  the  forty-nine  show  an  average  yearly  growth  In  excess  of  .3 
of  an  inch.  An  examination  o(  a  number  of  white  and  red  oak  logs  at 
local  mills  coulinus  the  conclusion  that  the  growth  rate  in  the  area  studied 
Is  exceedingly  slow. 

It  is  probable  that  the  cause  of  this  slow  growth  is  to  be  found  in 
relatively  thin  soil  underlaid  by  the  hundred  or  more  feet  of  drift  The 
sand  and  gravel  of  the  drift  constitute  a  natural  filter  which  rapidly  car- 
ries the  soil  water  to  lower  levels.  The  thin  soil  and  the  stratum  of  clay 
can  not  hold  sufficient  water  to  carry  the  trees  through  our  long  summer 
drought  and  at  the  same  time  furnish  a  large  amount  of  material  for 
growth.  Observation  of  the  trees  of  the  Purdue  campus  furnishes  confir- 
mation of  this  view.  The  soil  conditions  of  the  campus  are  practically  the 
same  as  in  the  area  studied.  The  older  trees  of  the  campus  were  set  out 
between  1875  and  1880,  and  were  largely  maples  and  elms  along  the  drive- 
,  ways,  other  forms  beln;^  scattered  through  the  grounds.  The  maples  and 
elms  are  in  sufficient  numbers  to  justify  a  few  generalizations.  The  trees 
show  an  early  period  of  rapid  growth,  a  period  of  slow  growth  and  finally  a 
practical  cessation  of  growth.  During  this  latter  period  the  trees  begin  to 
show  all  the  signs  of  what  might  he  called  senility.  In  the  early  years,  the 
roots  not  having  penetrated  deeply,  find  sufficient  available  moisture  In  the 
thin  soil  to  provide  for  the  maintenance  of  the  tree  and  its  normal  growth. 
A  little  later,  the  deeper  penetrating  roots  reaching  the  drift  find  but  little 
water,  so  little.  Indeed,  that  under  the  most  favorable  conditions  provision 
can  be  made  for  only  a  slight  growth.  Still  later  the  increasing  demands 
of  the  tree  can  not  be  satisfied  and  It  begins  to  age,  and  we  have  the  case 
of  elms  and  maples  completing  their  life  cycle  in  twenty-five  or  thirty  years, 
attaining  in  the  meantime  a  diameter  of  from  ten  to  fifteen  inches.  The 
duration  of  life  upon  the  campus  is  much  less  that  in  forest  conditions,  be- 
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cause  of  the  abseiK*e  of  the  forest  floor  and  of  its  work  In  the  consen'ation 
of  moisture  and  tlie  enrichment  of  the  soil. 

4.  It  may  be  concluded  that  tlie  most  imiwrtaut  factor  in  the  growth 
of  trees  is  soil  moisture,  A  confirmation  of  this  may  be  found  in  the  con- 
ditions existing  in  areas  of  maximum  development  in  number  and  size. 
According  to  Sargent,  the  hardwoods  of  the  United  States  find  their  maxi- 
mum development  in  numl)ers  and  size  in  the  lower  stretches  of  the  Wabash 
Valley.  In  other  words,  in  a  region  in  which  the  soil  possesses  a  rich  water 
content 

In  any  forecasts  as  to  the  results  of  reforestation,  or  as  to  the  rate  of 
tree  growth  in  any  given  loctality  tlie  supreme  factor  to  be  considered  is  the 
constancy  of  the  water  content  of  the  soil. 

5.  In  the  case  of  the  oaks  an  examination  of  the  table  will  show  a 
l^eriod  of  rapid  growth,  a  period  of  slower  growth  and  finally  a  period  of 
scarcely  appre<*iable  increase.  In  the  case  of  the  walnut  the  growth  is 
much  more  uniform  tliroughout  the  life  of  the  tree.  These  are  conditions 
that  would  be  expected  if  conclusion  three  is  at  all  correct. 

6.  It  is  probable  that  red  and  white  oak  in  regions  such  as  the  one 
studied  have  reached  their  full  size  at  from  eighty  to  a  hundred  years,  after 
which  they  begin  to  deteriorate.  The  few  large  forms  introduced  in  the 
table  are  from  the  lowest  river  terrace  and  were  introduced  for  purposes  of 
comparison. 

7.  The  growth  habit  of  tlie  tret*  seems  to  control  more  largely  than 
external  factors  of  growth.  In  a  group  of  trees  closely  grouped  the  ma- 
jority may  show  an  exceptionally  rapid  growth  in  a  given  year,  while  one 
or  t^vo  show  but  a  small  increase.  That  tills  might  be  due  to  insect  de- 
foliation or  other  causes  is  of  course  possible,  but  an  examination  of  the 
growth  through  a  series  of  years  show  a  habit  of  slow  growth  as  compared 
with  other  individuals,  whatever  may  be  tlie  external  conditions.  On  the 
other  hand,  individuals  showing  a  habit  of  rapid  growth  are  easily  recog- 
nized. No  observable  difPereiices  in  the  proportion  of  spring  and  summer 
wood,  ill  texture,  in  color  or  in  any  gross  characters  are  to  be  observed  in 
these  differing  forms.  Some  individuals  of  each  sjjecies  are  rapid  growers 
and  some  are  slow  growers,  whatever  may  be  the  origin  of  the  habit.  It 
was  imiK)ssii)le  to  determine  whether  or  not  tliis  habit  could  be  determined 
by  external  features,  as  tlie  trunks  had  been  sent  to  the  saw  mill  before 
the  area  was  found. 

8.  The  conditions  of  the  area  destTibed  are  fairly  typical  and  apply 
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to  a  large  part  of  the  glaciated  region  of  northern  and  northwestern  Indi- 
ana. Of  course  the  Imnieillate  valleys  and  terraces  of  rivers  and  streams 
furnish  special  conditions  which  must  be  considered  as  exceptional.  It  Is 
probable  that  any  extended  study  of  the  rate  of  growth  of  the  species  dis- 
cussed In  the  region  Indicated  will  show  results  but  slightly  varying  from 
those  given  above. 

9.  It  Is  probable  that  under  soil  conditions  such  as  those  described, 
larger  forms  than  those  found  today  but  rarely  occurred.  A  careful  exam- 
ination over  wide  areas  for  old  stuniiis  of  the  virgin  forest,  showed  that 
all  of  tlie  large  forms  were  found  in  alluvial  soils  and  never  by  any  chance 
in  the  thln-solIed  uplands. 

These  studies  are  being  extended  to  include  many  of  our  native  species 
and  arrangements  have  l)een  made  to  Increase  the  numljer  of  forms  studied 
of  the  species  discussed  in  this  paper. 

The  exact  loiowledge  of  the  rate  of  growtli  of  various  sj^ecles  under 
dlfTering  conditions  Is  a  matter  of  vital  importamce  from  the  viewpoint  of 
wood-lot  forestry.  It  Is  scarcely  less  far  reaching  In  Its  application  and  of 
scarcely  less  economic  significance  than  a  knowledge  of  forest  utilization. 
If  the  conclusions  here  presented  are  warranted  by  the  date  very  self-evi- 
dent practical  application  necessarily  follow.  These,  however,  are  not  In- 
cluded in  the  scx)pe  of  this  pai)er.  but  will  be  presented  later. 
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The  Michillinda  (Michigan)  Sand  Dunes  and  Thbir  Flora. 


Stanley  Coulteb. 


Nowhere  is  the  struggle  for  a  place  in  nature  by  plants  more  spectacular 
or  more  severe  than  that  with  the  sand  dimes.  The  alignment  of  the  op- 
posing forces  is  so  evident,  tlieir  activity  is  so  ceaseless,  their  modes  of  at- 
tack so  varied  that  one  wonders  that  the  plants  ever  succeed  in  fixing  these 
restless  masses  of  sand.  After  the  classic  studies  of  Cowles  upon  the  Dune 
flora  it  wouid  seem  that  little  remains  to  be  said,  but  to  the  botanist  accus- 
tomed to  tlie  placid  plant  life  of  mesophytic  regions  the  struggle  is  irresist- 
ibly fascinating  and,  as  a  rule,  he  is  unable  to  resist  the  temptation  of  a 
new  consideration  of  some  phases  of  the  problem. 

The  region  studied  was  a  short  stretch  of  beach  dunes  on  the  east  shore 
of  Lake  Michigan  at  a  summer  resort  known  as  Michillinda,  about  twenty- 
five  miles  north  of  Muskegon.  That  the  region  is  exceptionally  favorable 
for  such  studies  is  evidenced  by  the  fact  that  it  is  the  place  chosen  by  Dr. 
Cowles  for  his  classes  when  considering  the  problems  presented  by  the 
dune  flora.  I'lie  study  made  was  neitlier  systematic  nor  exhaustive;  it  was 
merely  a  part  of  a  rest  of  three  weeks  after  a  summer  school  session.  No 
attempt  was  made  to  enumerate  the  constituent  members  of  the  flora  or  to 
work  out  all  of  the  factors  determining  the  success  or  failure  of  the  plant 
invaders.  The  paper,  therefore,  touches  only  the  more  evident  features  of 
the  problem  and  treats  even  these  in  the  line  of  suggestion  rather  thian  ex- 
planation. 

The  plants  begin  their  struggle  on  what  (Bowles  calls  the  middle  beach, 
a  region  beaten  by  the  winter  waves,  but  as  a  rule  dry  during  the  summer 
months.  The  struggle  here  is  almost  hopeless  and  on  the  open  stretches  of 
the  beach  the  plants  are  extremely  scattered.  In  the  shelter  of  the  drift 
logs  and  debris,  however,  they  are  more  numerous  and  may  maintain  a 
precarious  existence  for  some  months.  It  is  probably  the  area  of  greatest 
stress.  The  fierce  winter  storms  compel  an  absolute  renewal  of  the  struggle 
each  succeeding  year,  while  the  summer  winds  and  sun  make  it  possible 
for  only  such  plants  as  possess  the  most  marked  xerophytic  characters  to 
maintain  themselves.    A  severe  summer  storm  may  overwhelm  the  beach. 
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killing  all  forms  that  have  obtained  a  foothold,  and  the  struggle  must  begin 
all  over.  Such  a  storm  swej)t  the  Mlchilllnda  lieach  tpr  almost  a  week  during 
the  past  summer,  blotting  out  absolutely  the  middle  beach  flora.  In  a  week, 
however,  the  brave  plants  began  to  show  themselves  again  and  to  renew 
the  apparently  hoi)eles8  strugj^le.  The  most  notable  member  of  this  flora 
was  the  succulent  leaved  crucifer,  cakile  edeutula  (Bigel.)  Hook.  The 
adaptation  in  this  case  is  plainly  against  the  dessicating  action  of  wind  and 
sun.  The  plant  also  is  able  to  withstand,  to  a  certain  extent  at  least,  a 
sand  covering  of  considerable  thickness,  forcing  its  way  through  it  to  the 
surface  apparently  but  little  injured  by  its  temporary  burial.  Its  stubborn 
erectness  and  unyielding  rigidity  are  characters  that  at  once  serve  to  dis- 
tinguish it  from  tlie  other  inoml)ers  of  this  flora. 

Moro  niiiiierous  upon  this  stretch  of  beach  is  Cuphorbia  poly goni folia  L. 
This  prostrate  spurge  finds  its  protection  in  its  close  hugging  of  the  sands 
which  are  here  always  damp  at  a  slight  deptli,  whatever  may  be  the  sun's 
heat  A  covering  of  sand  does  not  seem  to  kill  it,  unless  it  is  several  inches 
thick,  new  shoots  emerging  from  the  crown,  finding  their  way  to  the  surface 
in  a  few  days.  In  spite  of  these  two  species,  the  middle  beach  strikes  one 
as  practically  destitute  of  plants — and  the  wonder  grows  as  the  conditions 
are  studied  that  the  few  that  do  occur  have  found  even  a  temporary  lodg- 
ment 

The  upper  beach  and  the  active  dune  region  present  a  much  more  varied 
and  consequently  much  more  interesting  flora.  The  opposing  forces  here 
are  the  fierce  rays  of  the  sun,  the  almost  constant  winds  and  the  shifting 
sands.  In  high  winds  the  mechanical  action  of  the  sands  is  very  great 
often  completely  destroying  well-established  plants.  These  factors  have  led 
to  the  development  of  the  most  pronoimced  xerophytic  characters  found  in 
this  latitude,  and  this  in  spite  of  the  fact  that  there  is  no  scarcity  of  water 
in  the  soil.  Even  after  the  long  summer  drought,  the  sand  is  moist  at  a 
slight  distance  below  the  surface.  The  most  marked  adaptations  in  this 
region  are  those  against  the  covering  of  the  plant  with  sand,  exposure  of 
roots  by  the  shifting  of  the  siuid,  excessive  evaporation  because  of  sun  and 
wind,  and  the  me<.*hanical  action  of  the  sand  driven  by  storms.  Practically 
every  device  against  these  destructive  agencies  is  here  in  evidence.  They 
are  so  well  known  that  they  need  not  bo  recited  in  this  connection. 

Most  interesting,  i^erhaps,  are  the  provisions  against  submergence  by 
the  sands.  In  the  case  of  the  poplars,  willows  and  dogwoods,  the  sprouting 
habit  In  connection  with  the  habit  of  sending  out  roots  from  any  node  in 
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conlac-t  with  the  Mill  Is  nulDcleiit  |irate<:tton.  save  In  tbe  most  extreme  cases. 
Tli«9e  plautn.  Iherefoiv.  wlilk-  not  stniu^ly  develoiied  In  the  upiier  beech, 
lire  nirely  wuntliig  on  active  duuee.  TLl>  n-lllows  comiiionly  found  are 
S.  YaviallUK,  gloucophpila  and  aaennphjill^  The  dognoods  are  C.  atol- 
•mifera  and  Biiilciii.  Tlie  |ioplnr  Is  tlie  cottonwood,  F.  delloide».  To  the 
liotiiuliit.  the  adiiptiitlon  uf  these  itlnntH  for  such  a  position  arc  Belf-erident 
Imt  indlvlduiil  cflPi'S  present  wiitlnun)  vanntlonB.  Nothing  could  wore 
clenrlj  illustrnte  the  extreme  jilustlfity  ot  these  KhmUby  species  than  their 
•]ui('k  iiad  sure  response  to  th«se  constantly  vnr.vlnR  factors. 


Ill  the  case  of  the  f^nsses.  which  are  chleflj'  ^In Wropoffon.  acofiartiw, 
Aiiinioitliila  (iiviKiria.  ValatinK'ilfit  lonititolia,  and  Elrynius  caitaileiiKix,  there 
Is  a  <|Uli-k  xettliit:  of  roots  froui  the  noden  when  there  Im  hut  a  partial  sub- 
nierwni-c,  while  the  lonir.  horlstontnl  brandling  root  stock  Is  constantly 
lendiiiK  up  nen'  htools  durlnt;  the  rontlnuitnce  of  favorable  conditions.  The 
hrst  iilauts  to  obtain  a  toothold  u|Kin  these  shlftlnc  sands  are  usually  the 
grasses.  Ki'otii  a  siiijcle  stofil  throii);h  the  skbk'.v  of  the  root  stock  there  Is 
a  rapid  spread  which  ttivcra  a  very  consider.atile  area.  In  various  places 
upon  the  most  active  |ioi'ti<in  ot  the  dunes  some  one  or  more  of  these  tcraaaes 
obtain  n  foothold  and  strncKle  flercely  to  maintain  tbe  place  they  Iibtc 
seized.     So  far  as  my  ptrsonal  observations  fnj,  the  Invasion  of  the  dune  la 
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nmcle  »t  Itx  lower  Btreh-lies',  jjradnnlt}'  creeplnt;  upward,  until  In  a  parti- 
i^ularly  faroralile  senxoti  tbt^  wbolp  ilun<>  is  fiilrl.v  w<>l)  tiivered  with  plants. 
The  bliullns  tofMthei-  of  tlic  k»I1  hy  the  CTftMHt"*.  ""veu  for  a  Khort  time,  Is 
iqilficleiit  to  i>eruiit  the  (<stnlillHhiueiit  of  othiir  formii,  so  tlint  In  placen  the 
flora  of  the  «|i|>fr  Iwaph  mill  ni'tlve  dnnt?  niny  bo  quite  vurleil.  Oil  the  upper 
beacb  the  must  coinnion  of  the  plants  are  ArtemUia  cauttala  and  A.  Cokb- 
deiisla.  while  tile  attractive  Cardiiu^  Fitcheri  is  scarcely  less  common.  Id 
these  pinntx  the  stroiis  nnd  lone  tap-root  and  dlsi!ected  leaves  nerve  as  an 
nlmottt  iierfiv-t  iiroteotion  n^iiliist  excessive  eTaporntlon  and  the  mechanical 


At  the  close  of  b  fftvontble 


(fciclr  well  covered 


aHlon  of  tbe  snnil  lu  the  case  of  high  winds.  In  the  case  of  the  Artemislas 
It  WHS  itOKxIMe  to  ohseire  In  a  iwnslderttble  area,  the  perfection  of  the  de- 
feiwe  the  finely  dissected  leaves  nfTord  ag.iinst  the  sand  blasts  of  a  storm 
which  lasted  fur  nearly  u  week.  Almost  every  other  species  In  the  area, 
nrhich  lay  oiien  to  the  direct  action  of  tlic  wind-driven  sand  was  completely 
battered  to  pieces,  while  only  about  15  per  cent,  of  the  Artemlslas  showed 
any  ttiga  of  hiiviiif;  been  suiiject  to  a  lonjt  coutlnued  action  of  a  destructive 
tMce. 

Upon  the  upi>er  beach,  alno.  Is  to  tie  found  In  favored  sltuatl<His  tbe 
beach  pea.  Lathj/rHx  maritimiis.  altliouKh  in  no  Instance  was  It  at  all  a 
dominant  form.     Upon  the  active  d'ine  is  often  to  Ije  found  the  frost  grape, 
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Vitia  cordifolia.  Far  more  common,  boweyer,  the  common  milk  weed. 
Asclepiai  Si/riaca.  tbe  bug-seed,  Cnrinpermum  Jtystopitoliutut  and  Puccoon, 
LithoKpormum  Omelini.  Tbi!<  Inut  Is  by  far  tbe  most  common  of  the  gronps, 
(K>nsicitine  ill  nifiny  luatant'es  n  Inrjce  proportion  of  the  plants.  A  golden 
rod  Is  not  at  nil  imcomnioii  In  aiieh  sltunKoiifl.  hut  I  am  not  certain  what 
Hpeclm;  it  is.  T  nm,  lion  ever,  coufldcnt  it  la  not  S.  vlrganrea  gl'lmanl,  to 
wblch  it  is  referred  by  Dr.  Cowles  In  'The  Ecological  RelatloDB  of  the 
Vogetiitioii  of  the  Rnnd  l>ui)es  of  Lake  MIchtpin,"  In  no  two  cases  are  tbe 
conditions  exactly  siuiilur,  so  that  in  spite  of  tbe  paucity  of  speHes  there  is 
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no  monotony.  DlfTeront  donilniint  species.  dlfTerlng  proportions  of  those 
occurring  miikc  each  area  u  N]>eclal  stndy.  If  we  add  to  these  the  varying 
rtdflptfltions  of  tbe  same  species  iind  the  ffi>?t  that  at  best  any  victory  of  tbe 
plaubi  is  but  apparent,  we  can  undei'stiind  sometliing  of  the  complexity  of 
the  problem.  The  illustrntiou  on  page  127  shows  a  largo  pine  dying  because 
of  an  uncoreriiiK  of  its  roots  dnrlng  the  storm  mentioned  above. 

The  succulent  type  of  imiiiials  wna  not  so  strongly  marked  as  I  had  ex- 
pected, but  dissected  leaves,  the  proHIc  poxlllon.  Inrotline  of  leaf  blades,  and 
coverings  of  biiirs  seemed  the  dominant  ndiiptatloiiR  .icalnst  the  excesslTe 
transpirjitioii  and  douhttest-  also  ngalnst  the  flem;  hi-at  of  tbe  sun.  Against 
the  wind  action  the  prostrate  or  trailing  habit  and  great  rigidity  were  the 
prevailing  adai)tations  iiinong  berhaceoiis  plants.  Against  sand  coverings, 
nodal  rooting  and  branching  root  stocks  are  almost  universal  among  the 


amraala.  Wbere  perennials  have  obtained  a  footbold,  the  long,  thick  tap- 
root IB  nsnally  suiQclent  to  give  a  new  lease  of  Hie.  Aealnat  the  mechanical 
effects  of  the  aand,  the  pn>strnt#  habit,  the  dltisected  leaves  and  at  times 


-  J**'----     — -'"^^^H 
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Any  Tlctorf  of  the  plants  is 
of  poBseaslon  of  tbo  soil  tbey  may  be  illi 
ine  of  the  soil  nnder  the  action  of  the  wi 


an  extreuiely  tough  and  reslatant  atnii-ture.    'i  he  first  two  are  by  far  the 
more  common  and  apparently  the  more  etCectlve. 

From  the  standpoint  of  the  plant  no  situation  can  be  more  pitilessly 
cruel  than  the  stretches  of  white,  restlessly  shifting  sand  making  up  the 
beachefl  and  duneti.    In  a  certain  sense,  no  other  sltuntion  furnishes  ecologi- 
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cal  problems  of  such  apparent  simplicity,  but  even  here,  as  I  have  tried  to 
show,  the  problem  is  really  one  of  extreme  complexity.  If  in  any  measure 
this  paper  serves  to  indicate  how  utterly  without  significance  much  so- 
called  ecological  study  really  is,  and  to  stimulate  to  work  along  these  lines 
that  is  really  analytic,  that  re<'ognizes  the  fact  that  no  etiological  problem  is 
in  reality  simple  and  needs  long-continued,  oft-repeated  observation  and  re- 
flection l>efore  genera lizations  are  made,  it  will  have  a  distinct  value  quite 
apart  from  tlie  specific  subject  discussed. 
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Parasitic  Plant  Diseases  Reported  for  Indiana. 


Frank  D.  Kebn. 


The  following  summao'  of  plant  diseases  in  Indiana  has  been  made  up 
from  information  which  has  been  accumulating  during  the  past  few  years 
at  the  Botanical  Laboratory  of  the  Indiana  Experiment  Station. 

In  this  list  only  the  more  important  diseases  have  been  considered 
from  the  standpoint  of  the  cultivator.  The  information  at  hand  is  far  from 
complete,  since  the  diseases  are  invariably  reported  by  common  names,  and 
as  it  is  impossible  to  investigate  or  verify  each  case  there  is  a  probability 
that  disturbances  in  growth  and  health  do  not  always  have  the  proper 
causes  assigiied.  An  effort  has  been  made  to  classify'  the  diseases  according 
to  their  pathological  effects,  fifty  six  in  all  being  discussed.  Such  a  group- 
ing is  diillcult,  owing  to  the  lack  of  knowledge  concerning  the  exact  manner 
In  which  many  of  the  parasites  act. 

Before  taking  up  the  detaiiied  account  it  will  be  of  interest  from  the 
Ijoint  of  view  of  the  mycologist  to  consider  the  parasites  which  are  held 
responsible  for  the  various  diseased  conditions  of  root,  stem,  leaf  and  fruit. 
Out  of  fifty  species  under  discussion  forty-five  are  fungi,  five  bacteria,  and 
one  a  HUnic-mould.  Three  species  arc  causes  for  two  separate  diseases  each, 
while  three  have  no  cause  assigned,  thus  bringing  the  total  up  to  fifty-six, 
the  numt>er  selected  for  consideration  by  this  paper.  The  fungus  parasites 
are  divided  among  thirty-two  genera  belonging  to  classes  as  follows:  As- 
coinycetes,  nine;  Basidioniycetea,  nine;  Phycomycetes,  one;  Fungi  Imper- 
fecit,  thirteen.  Under  the  general  term  of  Fungi  Imperfecti  are  included  a 
miscellaneous  lot  of  forms  whose  life  histories  are  Imperfectly  understood ; 
some  may  have  no  other  stages,  while  others  may  have  connections  not 
yet  discovered.  Comparatively  recently  three  which  were  formerly  classed 
here  have  had  their  perfect  stages  identified  and  have  been  transferred  to 
the  class  Ancomycetcs.  These  are  the  Bitter-rot  fungus  of  the  apple,  the 
Scab-fungus  of  the  apple  and  pear  and  the  Brown-rot  fungus  of  the  i)each 
and  pium.  The  bacterial  parasites  are  divided  among  two  genera,  both  be- 
longing to  the  same  family,  Bacierlaccac. 

9— A.  OP  SC»MCI. 
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The  onuiueration  of  spi>cific  diseases  is  as  follows : 

J.    Hoot  diseases,  affecting  absorption  of  food  materials — 

Crown  gall  (cause  uncertain).    On  fniit  trees,  small  fruits,  known 

to  occur ;  extent  of  injury  not  reported. 
Root-rot   (Fungi  not  identified).    On  fruit  trees;  troublesome  in 

orchards,  principally  in  southern  part. 
Club-root    (MyxomyceteS;   Plasmodiaphora    Crassicae).    On    cab- 
bages and  other  cruclferae.    Distribution    not    known.    Re- 
l)orted  from  market  gardening  regions  about  larger  cities. 

IT.    Stem  diseases,  affecting  ascent  of  sap  and  transpiration — 

Fire-blight  (Bacillus  amylovorous).  On  apples,  pears  and  quinces 
in  all  parts  of  the  State.  Very  destructive  and  difficult  to 
control. 

Black-knot  (Plowrightia  morbosa).  On  plums  and  cherries.  Com- 
mon all  ovej*  State  on  plum  ti'ees.    C^herries  less  injured  by  it 

Black -rust  (Puccinia  gramlnis).  On  wheat,  chiefly,  but  attacking 
also  other  grains  and  grasses.  Occurs  everywhere.  Extent  of 
injury  in  any  particular  season  usually  dependent  upon 
weather. 

Black-rot  (Pseudomonas  compestr's).  On  cabbage,  cauliflower  and 
related  plants.  Affects  leaves  also,  and  finally  entire  head. 
V'er>'  destructive  in  some  localities. 

III.  Wood  diseases,  affecting  absori)tion  and  transfer  of  water — 

Wilt  (Bacillus  trachelphilus).  On  melons  and  cucumbers.  A  com- 
mon and  injurious  tnmble  affecting  melons,  especially  in 
southern  countries.  Few  reiK)rts  concerning  cucumbers;  this 
crop  of  nmcli  less  Importance. 

Blight  f  Bacillus  salanacearum).  On  tomatoes.  Few  local  reports 
of  this.    May  be  due  to  other  causes  than  bacteria. 

IV.  Bark  diseases,  affecting  transpiration  chiefly — 

Canker  (Spaerapsis  malornm.  Bacillus  amylovorus,  Glomerella 
rufomaculaus).  On  ai)ple  trees.  Cankers  may  be  due  to  the 
parasites  mentioned  or  others.  Occurrence  of  any  except  the 
first  mentioned  has  not  been  verified. 

Asparagus  rust  (Puccinia  aKj)aragi).     On  asparagus.    Bad  locally 

in  northwestern  portion  of  State. 

Authracuose  (Gloosporinni  venetnni).  On  blackberries  and 
raspberries.     OiUn  very  destructi^'e. 
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V.     Tieaf  diseases,  affecting  nssimilation  and  transpiration — 

Rusts,  caused  by  nredineae  (Gymnosporanglum  sup.).  On  apple, 
pear,  quince  and  red  cetiar.  Not  reported  as  very  destructive 
on  cultivated  apples ;  common  on  wild  crabs  or  thorns. 

(Pucclnia  rubigo-vera.)  On  wheat  This  is  the  leaf  rust  and  is 
usually  common,  but  not  especially  injurious. 

(Puccinia  graminis.)  On  wheat  and  other  cereals.  This  is  the 
stem  rust  and  only  rarely  occurs  to  any  extent  on  the  leaves. 

(Puccinia  caronata.)  On  oats.  Occurs  very  commonly  on  leaves, 
but  is  not  accountable  for  losses  of  any  extent. 

(Uromyces  trifalii.)  On  clover.  Not  known  to  be  of  much  eco- 
nomic importance,  though  quite  common. 

(Puccinia  ix)armn.)     On  blue-grass,  often  in  lawns. 

(Puccinia  sarghi.)  On  corn.  Very  widespread  and  common,  but 
not  especially  injurious. 

(Gymnoconia  iuterstitialis.)  On  blackberry  and  raspberry,  called 
the  orange  leaf  rust.  Has  a  perennial  mycelium,  but  mani- 
fests itself  only  in  the  leaves.    Common  and  distructive. 

(Kuehneola  albida.)  On  blackberry  and  raspberry.  First  noticed 
this  season.    Not  of  importance. 

(Uromyces  appendiculatus.)  On  beans.  P^xtent  and  damage  un- 
known. 

(Uromyces  caryaphyllaceanim.)     On  carnations  in  greenhouses. 

(Puccinia   chrysanthemi.)      On    chrysanthemums    in    greenhouses. 
Spots  and  Blights — 

(Phylosticta  spp.)     On  apple,  often  causing  premature  defatiation. 

(Cylmdrosporium  padi.)     On  cherry  and  plum.     Not  uncommon. 

(Septoria  ribes.)  On  gooseberry  and  currant.  Extent  unlmown; 
crop  of  minor  Importance. 

(Septoria  lycospersici.)     On  tomato.    Very  injurious  in  some  lo- 
calities. 
•  (CJercospora  beticola.)     On  beets.    Two  reports  have  been  received. 

(Atternariae  brassicae  nlgressceus.)  On  muskmellons.  This  is 
known  as  the  leaf  blight  and  is  very  injurious  in  some  lo- 
calities. 

(Calletobuchum  Lagenarium.)  On  melons.  Known  as  anth- 
raenace,  and  while  affecting  leaves,  usually  attacks  stems  and 
catyledons  of  young  plants.  Reported  l\v  several  horticul- 
turists. 
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Powdery  mildew  ( Spaerothaera  moro-uvae).  On  gooseberry.  Ex- 
tent of  damage  uukown. 

Powdery  mildew  (Podosphaera  oxyacanthae).  On  cherry.  Ex- 
tent of  damage  unknown. 

Leaf  curl  (Exoascus  defarmaus).  On  peach.  Usually  quite 
prevalent. 

Early  blight  (Altcrnaria  solani).  On  potato.  Usually  prevaloit, 
doing  considerable  damage. 

Late  blight  ( Phytophthora  infestaus).  On  potato.  Present  to 
some  extent;  usually  very  destructive. 

Black-rot  ( I'seudomonas  compestrio).  On  cabbage  and  closely  re- 
lated crops. 

VI.    Fruit,  Seed  and  Tuber  diseases,  affc-cting  crop's  economic  value,  di- 
rectly— 
Apple  rots,  ripe  or  bitter  (Glomerella  rufomaculaus) ;  Apple  rota, 

black   (Sphaerapsis  malorum)*    Usually  common  and  caoaes 

of  considerable  losses. 
Brown    rot    (Scleratinia    fructigena).    On    peaches    and    pluina 

chiefly,  often  causing  a  loss  of  half  the  crops. 
Scab  (Venturia  inaequalis).  On  apple:  very  common  and  injuri(m& 

(Venturia  pyrina).     On  pear;  prevalent,  but  not  especially 

prevalent.     (Cladosperium   carphyllum).    On  peach;   bad  on 

some  varieties. 
Black  rot   (Gnignardia  bidwelH).    On     grape.     Widespread   and 

injurious. 

Finiit  rot  (cause  uncertain).  On  tomato.  Very  injurious  In  some 
localities. 

Flyspeck  and  soot>'  blotch  (Leptothyrum  and  Phyllachara  spp.). 
On  aiiple,  often  affecting  a  considerable  per  cent  of  the  crop. 

Smuts  (Ustilago  leae).  On  com;  widespread,  sometimes  causing 
bad  losses.  (Ustilago  avenae.)  On  oats;  usually  bad;  loaaea 
underestimated.  (Ustilago  tritlci.)  On  wheat ;  so-called  loose 
smut;  usually  prevalent.  (TiUetia  foetaus.)  On  wheat;  so- 
called  stinking  smut ;  usually  prevalent. 

Wheat  scab  (Fusarium  culmornm).  On  wheat;  usually  more  or 
less  abuiulant ;  somctinifs  Jioconntable  for  heavy  losses. 

White  mold  of  com  (Fusarium  sp.).  Very  abundant  In  some  locali- 
ties during  present  and  past  seasons. 
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Potnto  octili   K'wf»|mi'ii  Sfiililosi.    l.)iy>iir«  (jultc  cpnerally  over  tbe 

State. 
Bratrn  rot  of  piitiild  (BiuIIIdr  Hi>liiiiii(viiniii]i.    orteii  the  cause  of 

(^iiulrtPniMp  lossfs  in  nit  iwirts  ul  Stiitc. 
Bliii-k  n>t  of  Kuivl  fHitiitu   t<VriitO('y<'th  Hiilirliita).     Distribution 

mill  ovteut  of  Injury  iiiiroiMrtod. 
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Notes  on  the  Occurrence  of  Sclerotinia  Fructigena. 


Frank  D.  Kern. 


The  rotting  of  the  peach  and  plum  Iruit  at  the  beginning  of  the  ripening 
period  is  a  rather  familiar  occurrence.  Soft,  brown  spots  appear,  which 
usually  grow  until  the  whole  fruit  becomes  rotten  and  finally  shrivels  up, 
l)ecoming  uiummKied.  Twigs,  leaves  and  flowers  may  also  be  attacked  and 
exhibit  discolored  areas. 

The  rot  is  caused  by  a  fuugiis,  doubtless  best  known  as  Monilia  fructi- 
gene,  a  name  given  it  by  Persoon*  In  18<31.  That  it  was  simply  the  conidlal 
form  of  some  ascomycetous  species,  was  strongly  suspected  by  several  inves- 
tigators and  Sdiroeter*  was  even  confident  enough  to  transfer  it  to  the 
genus  Sclerotinia  in   18r»3.    This,  however,  remained  a  mere  assumpticm 

until  1!.K)2,  when  Norton'  (.•ollected  the  apothecia  at  several  localities  In 
Maryland,  and  established,  by  means  of  cultures,  their  relation  to  the  coni- 
dial  form. 

Aitliough  the  i)erfe<'t  sUige  had  been  diligently  searched  for  before 
this  was  the  first  time  it  had  ever  l>een  rei)orted.  Because  this  form  has 
been  so  rarely  seen,  and  bd-ause  of  the  economic  importance  of  the  fungus 
in  tlie  other  phase  of  its  life  history,  it  was  with  unusual  delight  and  inter- 
est that  the  apothecia  were  discovered  in  the  spring  of  1906  in  Indiana. 
Two  collections  were  made,  both  at  Lafayette,  and  by  Prof.  J.  C.  Arthur, 
on  buried  peaches,  under  trees  in  his  garden,  April  21 ;  another  by  Dr.  B. 
W.  Olive  and  the  writer,  on  buried  plums,  in  a  trash  heap  on  a  vacant  lot, 
May  8.  The  earlier  collection  was  in  perfe<"t  condition,  while  the  latter 
was  somewhat  dried.  Both  discharge<l  clouds  of  spores  when  first  dis- 
turbed, and  when  .iarred  even  after  partial  drying  made  several  subse- 
quent discharges. 

Only  the  mummied  fruits  wliich  were  buried  or  partially  covered  bore 
apothecia.  On  the  plums  one  to  three  or  four  arose  from  a  single  fruit, 
while  on  the  peaches  as  high  as  thirty  or  forty  appeared  about  the  sides  of 


*  Porsoon,  Syn.  Fung.,  693, 1801. 

» Schroeter,  Krypt.  Fl.  Sohle?,  3*:67, 1893. 

'J.  B.  S.  Norton,  Irons.  Acad.  Sci.,  Sb.  Louis,  12:91-97,  pis.  18-21, 1902. 
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one  fniit.  (Illustration.)  The  disks  are  light  hrown,  at  first  companulate, 
bei'ouiing  cnp-shaped,  averaging  about  one-half  to  three-fourths  of  a  centi- 
meter broad  when  full  grown.  The  stipes  are  comparatively  slender  and 
usually  about  one  to  two  centimeters  long,  where  that  is  sufficient  to  bring 
the  disks  al)ove  the  surface. 

In  every  case  there  was  reason  to  suppose  that  the  fruits  bearing  the 
*iscus  stage  were  not  from  the  crop  of  the  immediate  preceding  season,  but 
that  they  wore  one  year  older.  In  a  recent  conversation,  Prof.  Norton  con- 
firmed this  opinion.  Sk-hellenberg*  has  found  this  to  be  true,  also,  of  two 
other  si)ecie8  of  Sclerotinia  in  Europe.  The  length  of  the  period  required 
for  th<»  developnjent  of  the  apothecia  is  doubtless  the  factor  which  is  re- 
sponsible for  their  8carcit>',  since  it  affords  so  much  time  and  opportunity 
for  the  mummied  fruits  to  be  destroyed  or  removed  from  the  vicinity  of  the 
trees.  The  above  collection  in  a  trash  heap  shows  that  development  takes 
l)lac-e  wherever  tlu-  dried  rotted  fruits  are  covered  by  soil  or  humus  a  suf- 
ficient length  of  time,  but  in  such  a  location  it  Is  only  by  accident  that  they 
<\'ould  be  discovered. 

While  the  ascoporlc  fonn  is. so  excedlngly  rare,  the  conidial  form  is 
just  the  opposite.  As  the  cause  of  the  broiiTn  rot  of  peaches  and  plums, 
it  is  the  most  common  and  destructive  enemy  of  these  crops. 

In  1905  it  was  estimated  that  brown  rot  caused  a  loss  of  one-fourth 
of  the  peach  crop  in  the  southern  counties  of  the  State.  In  1906  the  rot 
has  been  reported  from  twenty -six  counties  representing  all  parts  of  the 
State.  Estimates  as  to  the  amount  of  damage  vary  fronj  10  to  50  i)er  cent, 
of  the  entire  crop.  In  the  northern  half  of  the  State  the  early  varieties 
seemed  to  sustain  almost  double  the  loss  of  the  later  ones.  This  is  an  il- 
lustration of  the  rapidity  with  which  the  rot  spreads  when  the  weather 
conditions  are  favorable.  The  fungus  is  dependent  for  a  start  at  the  be- 
ginning of  a  season  chiefly  upon  conidiospores  produced  upon  the  mum- 
mied fruits  lying  on  the  ground  or  hanging  in  the  trees.  Warm,  moist 
weather  in  August,  at  the  ripening  time,  caused  such  a  production  of  coni- 
diospores from  these  nmmmy  fruits  that  the  fungus  spread  and  caused 
more  notable  effects  at  that  time  than  later,  when  the  weather  conditions 
were  less  favorable. 

Plums  in  all  parts  of  the  State  have  been  attacked  during  the  present 
season,  and  a  loss  amounting  in  many  instances  to  75  per  cent,  of  the  crop 
has  been  suffered. 


«  H.  C.  Scbellenberg,  Ueber  Scberatinia  Mespili  and  S.  Ariae,  Centr.f.  Bak.  17:188-202, 
pli.  1-4. 1906. 
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Ail  of  the  facts  thus  far  i^resented,  which  pertain,  to  the  llfe-histoij  of 
the  hroicii  rot  funj^nis  aud  its  methods  of  passing  through  unfavorable  sea- 
sons, emphasize  the  imiiortance  of  collecting  and  destroying  the  so-called 
mummied  fruits  as  a  means  of  control.  If  these  infected  fruits  are  allowed 
to  remain  hanging  to  tlie  trees  or  upon  the  surface  of  the  ground  the  conid- 
lal  stage  begins  its  destruction  at  once  the  following  season,  while  if  they 
are  permitted  to  become  buried  beneath,  the  trees,  ascospores  form  the  sec- 
ond season  which  are  capable  of  producing  in  turn  the  conidial  stage. 
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Additions  to  Indiana  Flora  No.  3. 


Chas.  C.  Deam. 


(The  determinations  have  l)een  made  by  competent  authorities,  and 
specimens  are  deposited  in  my  herbarium.) 

Pwpalum  Muhlenherpii  Nasli. 

Crawford  CJounty,  July  11,  18J)9.    In  waste  place  near  Wyandotte  cave. 
Panicum  jh'oecoHus  Hitchcoclc  No.  1270. 

Steuben  County,  July  23,  1906.    On  top  of  dry  wooded  gravelly  hill  on 
east  side  of  Hog-bnck  Lake. 
Festuca  Shortii  Kunth.  * 

Allen  County,  June  3,  1906;  P#rown  County,  May  23.  1906;  Fountain 
Countj',  June  4,  1905 ;  Posey  County,  May  25,  1906. 
Cares  siricta  angustata  (Boott.)  Bailey. 

Allen  County,  June  3,  1906.    In  slough  along  St.  Joe  river  east  of  Rob- 
inson pariL 
Carex  Haydcni  Dewey. 

Fountain  County,  June  5,  1905. 
Carex  pedicillata  (Dewey)  Britton. 

Blackford  County,  April  29,  1906 ;  Steuben  County,  May  28,  1905. 
Carex  rosea  radiata  Dewey. 

Allen  County,  June  3,  1906. 
Carex  interior  Bailey  No.  980. 

Porter  County,  June  16,   1900   (collected  by  L.  M.   Umbach)  ;   Wells 
County,  June  1,  1906. 
Carex  canescetis  L, 

Ii'ountain  County,  June  4,  19(J5. 
Carex  canescetis  dlsjuncta  Feni. 

Steuben  County,  May  28,  1905. 
Carex  siccaia  Dewey. 

Steuben  County,  May  28,  1905. 
Carex  mirabilis  Dewey. 

Fountain  County,  .Tune  5.  1005. 
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Carex  festucacea  hrevior  Fornald  No.  104(5. 

Allen  County,  June  o.  J900. 

Carex  JiicknvlUl  Britton. 

Steuben  County,  June  H>,  IIKkS. 

Batrachinm  lonoirosfris  (Godr.)  F.  Schultz. 

Allen  County,  June  3,  lOOC;  Wells  County.  June  13,  1899.    No  doubt 

most  or  the  plants  named  tricliophyllum  (Chalx.)  Bosch,  should  be 

referred  to  this  species. 

Fragana  Vityiniaua  Gruyatia  {\\\nu)  Rydb. 

Blackford  County,  Juno  22.   liK>r^:    Franklin  County.   May   13,  1906; 

Marion  County.  April  :50,  19(>5;  Wolls  County,  June  16,  1901. 

Viola  conspcrsa  Reich. 

AN'ells  County,  May  11.  1JKH»;  Steuben  County,  May  13,  1906.     It  is  quite 

probable  that  what  has  been  passing  as  Viola  Labradonica  Shrank 

shon\(l  be  referred  to  this  si>ecies. 

Viola  pallcus  (Banks)  Brainard. 

Blackford  County,  April  29,  1906;  Wells  County,  June  1,  1906.     Viola 

hlantla  Willd.  is  often  associated  with  this  species  and  possibly 

mistaken  for  it 

Rhamiiua  atni folia  LHer. 

Steuben  County.  Aupust  1,  J!)<)3. 

Campanula  uUfjinosa  Rydberg. 

Noble  County.  July  21.  190i;  Steul>en  County.  August  11,  1903;  Wells 

County,  July  ti,   1002.    All  specimens  of  Campanula  aparinoide$ 

Pursh  I  have  examined  slionld  be  referred  to  this  si>ecies,  although 

aparinoide-f  l*ursh  may  (Krur  in  Indiana  also. 

Laciuca  iSaligna  L.  No.  13S9. 

Blackford  County,  August  3,  1!XH).    This  siKK-ies  was  taken  Just  south 

of  Hartford,  along  inter  urban  right  of  way. 

Bidcns  cowosa  (A.  Gray)  Wiegand. 

Blackford  County,   Sei)tomber  3,  1005:   W(»lls  County,   September  21, 

HM)2. 
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The  Lummi  Indians. 


Albert  B.  Rf.xoax. 


The  Lummi  liuiiuns  occupy  the  Lummi  Peninsula  just  across  Belliug- 
ham  Bay  west  from  the  City  of  Bellingham,  Washington.  The  peninsula, 
containing  about  two  townships,  is  their  reservation.  They  number  in 
all  about  three  hundred  and  seventy-five,  most  of  whom  are  half-breeds. 
These  resemble  the  mulattoes  of  the  south  very  much  as  to  physical  ap- 
pearance and  color;  their  hair,  of  course,  is  black  and  straight  The  full- 
breeds  are  nearly  all  old  Indians,  most  of  whom  are  blind.  They  are  all 
fishing  Indians  by  nature.  Formerly  they  lived  almost  wholly  by  fishing 
for  salmon  and  trout ;  but  since  they  took  their  allotments  some  years  ago 
they  live  on  their  farms  and  till  the  ground  most  of  the  year,  fishing  only 
in  August  and  Seiitember.  At  this  time  they  sell  fish  to  the  canneries  and 
also  dry  it  for  their  own  use.  In  old  times  they  made  fiour  from  the  fern 
root,  but  now  the  white-man's  flour  has  taken  its  place.  Their  farming  is 
very  well  done  and  their  houses  are  often  better  than  those  of  their  white 
neighl)ors.  though  usually  not  kept  so  neat  inside.  The  tribe  as  known  to- 
day is  made  up  of  Xooksack,  Lummi,  Snowhommish  and  British  Ck)lumbia 
Indians.  'I'hey  belong  to  the  Salish  linguistic  stock,  and  now  all  talk  the 
Lummi  branch  of  that  language.  When  that  fails  they  use  the  Chenook 
jargon  as  a  mezins  of  communication.  The  young  people  all  speak  English. 
They  are  advanced  in  civilization  almost  to  our  standard;  many  of  them 
even  take  daily  newspapers. 

In  old  times  these  Indians  practiced  all  the  ceremonies  known  to  their 
linguistic  group.  They  waged  war  for  the  sole  purpose  of  capturing  slaves. 
They  llattened  their  l>abies'  foreheads  so  that  a  modem  "hat  fits  them  better 
cross- wise  than  the  way  we  wear  it  They  had  mortuary  dance  cere- 
monies. They  believed  in  the  superhuman  power  of  medicine  men.  They 
slashed  themselves  with  knives  and  thrust  their  arms  through  with  arrows 
and  elk  bones  in  the  medicine  ceremonies.  They  had  give-away  dance  feasts 
at  which  the  man  who  gave  away  most  was  made  chief.  And  they  carved 
or  painted  their  special  dreams  or  visions  (called  in  Clienook  "tomanawis") 
in  conspicuous  places  in  their  "plank"  houses,  usually  on  totem  poles,  as  a 
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mark  of  good  luck  or  a  guide  to  their  lives.  A  carving  of  tliis  sort  Is  now 
to  be  found  on  each  of  the  totem-posts  of  an  old  give-away,  feast  dance  hall 
('•potlatch"  house),  now  in  ruins  at  tlie  Portage  on  the  reservation.  An  In- 
terpretation of  this  totem-tomnnawis  was  given  me  as  follows  by  Mr.  Mo 
Clusky  (Indian),  who  also  made  me  the  copy  of  it  given  here: 

"Chief  Cha-we-tsot  once  owned  the  'potlatch*  house  at  the  Portage. 
The  drawings  on  the  totem-posts  are  his  'tomanawis.'  The  sun,  carrying  a 
parcel  of  valuables  in  each  hand,  came  to  him  in  a  dream  and  said :    *Your 


To-ma-na-wis  of  Chief  Cha-me-tsot. 

storehouses  (or  trunks)  will  always  be  full.  You  will  therefore  give  two 
more  feasts  than  the  average  chief;  custom  had  established  the  rule  that 
the  ordinary  chief  should  give  three  feasts  in  a  lifetime.  So  Chief  Cha-we- 
tsot  built  the  *potlatch*  house  and  carved  his  *tonianawis'  on  its  totem- 
posts.  He  then  gave  five  feasts,  two  more  than  the  average,  as  the  sun 
in  tlie  vision  had  commanded  hlni.*' 

These  Indians  are  now  Catholics  and  all  attend  church  every  Sunday, 
When  the  priest  is  present  he  gives  his  sermon  first  in  English  and  then  in 
Chenook.  When  the  priest  is  not  present,  the  Indians  pass  around  within 
the  church  from  left  to  right,  while  they  sing  and  pray  a  few  minutee  in 
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Indian  before  each  ot  the  pansion  pictures,  the  altar,  aud  the  image  of  Christ 
and  of  the  Virgin  Mary.  Tlien  the  quietly  leave  the  church,  and,  after 
eating  their  picnic  dinner,  go  to  the  Sunday  ball  game. 

Their  govermnent  school  was  abandoned  this  year  and  their  reaerva- 
tion  will  propably  be  thrown  open  this  winter. 
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The  Mammalian  Remains  of  the  Donaldson  Cave. 


Walter  L.  IIaiin. 


While  occupying  the  Donaldson  Farm  Fellowship  in  Zoology  in  Indiana 
Universit3',  the  writer  has  had  occasion  to  make  frequent  trips  into  the 
Donaldson  Cave,  situated  about  three  miles  southeast  of  Mitchell,  Indiana. 
On  one  of  these  trips  bones  of  small  mammals  were  noticed  and  diligent 
collecting  on  that  and  subsequent  occasions  has  resulted  In  the  finding  of 
Identiliable  remains  of  244  individuals,  representing  eleven  species.  The 
occurrence  and  relative  abundance  of  some  of  these  species  is  of  consider- 
able interest  and  this  o«x*asiou  is  taken  to  place  all  on  record. 

The  list  follows 

1.  Didelphis  virf/iniana  Kerr.    Opossum. 

A  portion  of  one  skull  found  on  a  gravel  deposit  in  a  side  passage 
leading  off  from  the  "big  room"  of  the  cave. 

2.  OdocoUcus  virffinianus  (IJoddaert).    Virginia  deer. 

A  vertebra  found  not  far  from  the  preceiling  specimen  has  been 
ideutiiled  for  me  by  Mr.  J.  M.  Gidley,  Vertebrate  Paleontologist 
of  the  National  Museum,  as  the  fourth  cervical  of  this  species. 
It  was  doubtless  carried  in.  either  by  a  flood  or  by  some  car- 
niverous  animal,  in  the  days  when  deer  were  plentiful  in  In- 
diana, and  since  th:it  time  has  lain  undisturbed  in  the  dark- 
ness of  the  cave. 

3.  Svlvilofnifi  fiortdavus  (Allen).    Rabbit. 

Remains  of  tliree  individuals  found. 

4.  PerouiiiscHs  leucopiis   (Rafinesque,).     White-footed  mouse. 

Mandibles  of  four  individuals  found. 

5.  Microtus  pinclorum   (Le  Couto).     Pine  mouse. 

Four  of  this  species  also. 

<>.     Blarina  hrcvicauda    (Say).     Larjjc  slirew. 
One  skull. 
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7.  Pipistrellvs  suhflavus  (F.  Cuvier).    Georgian  bat. 

Partial  sivulls  and  mandibles  representing  eight  individuals  of  this 
species  were  found  at  various  points  in  or  near  the  "big  room." 

8.  Lasiurus  cinereuft  (Beauvois).     Hoary  bat. 

This  species  is  widely  distributed,  but  everywhere  rare.  The  find- 
ing of  two  partial  skulls  and  skeletons  adds  this  locality  to  the 
two  previously  recorded  for  Indiana. 

9.  Lasiunis  botealis  (Miiller).    Red  bat. 

Remains  of  this  species  were  far  more  abundant  than  of  any  other. 
More  or  less  complete  skulls  and  skeletons  of  203  individuals 
were  found.  The  abundance  of  the  species  wili  be  discussed 
later. 

10.  Myoiis  subulatua  ^Say).    Say  bat. 

One  skull  can  be  unquestionably  referred  to  this  species. 

11.  Ml/Otis  lucifmjns  (Ije  C!onte).    Little  brown  bat. 

Nine  skulls  could  be  positively  referred  to  this  species.  Eight 
others  were  probably  M,  Incifngus,  but  were  too  badly  broken 
to  determine  with  certainty  whether  they  belonged  to  this  or 
to  the  last  preceding  species. 

It  will  be  noted  that  the  above  list  contains  a  large  number  (203)  of 
specimens  of  the  red  bat  and  but  few  (17)  of  the  little  brown  bat.  If  we 
tnm  to  the  living  representatives  of  the  two  species  this  abundance  is  ex- 
actly reversed.  Mr.  W.  S.  Blntchley  Informs  me  that  the  proportion  of  the 
two  species  in  Wyandotte  Cave  Is  about  1  to  1,000,  the  larger  number  being 
the  brown.  Mr.  A.  M.  Banta,  who  has  had  a  very  extensive  acquaintance 
with  the  cave  fauna  of  Monroe  and  Lawrence  counties,  Is  of  the  opinion  that 
the  red  bat  never  enters  caves  at  all.  and  that  though  common  above 
ground,  It  Is  less  abundant  than  the  brown  si)ecles.  My  own  observations 
are  In  complete  accord  with  those  of  Mr.  Banta. 

The  period  at  which  this  change  in  relative  abundance  has  taken  place 
can  not  be  determined  accurately  from  the  evidence  now  at  hand.  Evident- 
ly it  has  been  within  re<:ent  geological  times,  since  many  of  the  bones  were 
found  In  places  where  they  would  have  been  destroyed  by  changes  which 
must  have  taken  place  during  some  recent  epoch.  On  the  other  hand 
many  of  them  were  found  partially  covered  with  fragments  of  stone  which 
have  gradually  weathered  away  from  the  larger  masses,  and  this  would 
seem  to  indicate  that  at  least  a  part  of  the  bones  are  many  years,  possibly 
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centuries,  old.  For  the  most  part  they  seem  to  lie  where  they  fell  when 
the  nuimals  dropped  dead  from  the  places  where  they  clung  to  the  roof  of 
the  cave.  This  seems  to  indicate  that  they  died,  one  at  a  time,  from  natural 
causes. 

The  above  facts  seem  to  warrant  two  conclusions:  (1)  The  red  bat  is 
less  abundant  than  formerly;  (2)  it  has  changed  its  habits  and  no  longer 
frequents  caves  as  it  did  formerly. 
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SoMB  Notes  on  Indiana  Birds. 


Amoh  W.  Butu:b. 


yyctea  nycica  (Snowy  Owl). — One  reported  by  Louis  A.  Test,  upon 
authority  of  J.  Keegan,  as  having  been  talien  near  Washington,  Daviess 
County.  Indiana,  November  5,  1904. 

I  saw  one  in  Deschler's  cigar  store,  Lahr  House,  Lafayette,  which 
was  procured  by  Geo.  M.  Tiniberlake  from  a  man  who  shot  it  about  fifteen 
miles  south  of  Lafayette  in  the  winter  of  1901-02.  Beasley  and  Parr,  taxi- 
dermists, Lebanon,  report  that  they  mounted  this  specimen  in  November 
or  early  in  December  of  1901.  Snowy  Owls  have  l>een  more  generally  dis- 
tribute<l  over  tlie  State  the  present  winter  and  more  Individuals  have  been 
reported  than  ever  before  since  records  have  been  kept. 

November  25.  1905,  while  at  Hammond,  Lake  Ctouuty,  Mr.  LeGrand 
T.  Meyer  told  me  that  two  flue  specimens  of  this  bird  had  been  taken  near 
that  place  a  few  days  liefore.  One  of  these  we  saw  afterwards  in  the 
possession  of  Mr.  Schmid,  who  mounted  it  and  who  also  had  the  other 
one  at  the  same  time  in  his  work  room.  Mr.  Meyer  ha^j  ^ndly  supplied 
me  with  the  following  data  of  these,  and  three  other  birds  of  the  same 
species  taken  in  that  vicinity : 

First. — ^A  man  l>y  the  name  of  Johnson  killed  one  on  November  12, 
1905,  about  a  mile  and  a  half  southeast  of  Tolleston,  Indiana,  in  the  gravel 
pits. 

Second. — Fred  Burg  shot  one  on  the  lake  front  of  Lake  Michigan,  near 
Indiana  Harbor,  on  November  19,  1905,  which  is  now  in  the  possession  of 
Mr.  Louis  Freeze  of  Hammond. 

Third. — Wm.  J.  Thompson  killed  one  near  Wolf  Lake  ice  houses  in 
Hammond,  on  November  25,  1905.  This  one  was  on  the  top  of  a  telegraph 
pole  when  killed. 

Fourth. — One  was  killed  on  Wolf  Lake,  near  Lake  Michigan,  In  Ham- 
mond, by  a  person  unknown  to  me,  which  is  now  In  the  possession  of  Louis 
Mankowski  of  this  city,  which  was  killed  November  23,  1905. 

Fifth. — ^At  the  time  It  was  killed  there  was  another  one  with  It  which 
tbe  hunter  was  unable  to  secure, 
10— A.  or  SoiiNOK, 
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The  specimens  Mr.  Schmid  had  were  numbers  one  and  four,  gtyen 
above. 

Beasley  and  Parr,  Lebanon,  Indiana,  have  mounted  quite  a  number  of 
these  birds  recently.  From  Information  kindly  supplied  by  them  regarding 
specimens  in  their  hands  1  have  been  able,  through  extended  correspond- 
ence, to  collect  some  interesting  facts  regarding  this  dispersion  of  these 
owls  over  Indiana  this  winter.  They  have  been  reported  from  the  follow- 
ing counties:  Allen,  Benton,  Fountain,  Hancock,  Johnson,  Lake,  Marlon, 
Miami,  Montgonjery,  Noble,  Shelby.  Sullivan,  Warren. 

H.  A.  Dinius  of  Fort  Wayne  rei)orts  that  two  Snowy  Owls  were 
obsen-ed  on  the  Godfrey,  Indiana,  Reservation,  west  of  that  city,  December 
22,  1905. 

One  was  shot  by  Clem  Woodhania  in  Bolivar  township,  Benton  0)unty, 
November  10,  1905.  The  same  gentleman  Informs  me  that  one  was  seen 
north  of  Otterbein  in  that  <*ounty  about  Deceml)er  24,  1905. 

One  of  two  owls  seen  was  shot  nine  miles  east  of  Fowler,  in  Benton 
CJounty,  Novenil)er  4,  1905,  by  a  com  busker  working  for  Thomas  East- 
bum.  It  was  wounded  and  brought  alive  to  Fowler.  The  second  one  was 
taken  afterwards.  They  are  reiwrted  to  be  male  and  female.  They  were 
sent  by  J.  F.  Warner  of  Fowler  to  be  mounted,  who  reports  on  January 
4,  1900,  another  one  ol)served  some  days  before  at  Earl  Park. 

J.  W.  Croueh  of  Fowler  has  a  Snowy  Owl  that  was  killed  by  Nelson 
Hendricks  five  miles  west  of  that  place  alwut  February  12,  1906. 

J.  R.  Opp  has  a  specimen  taken  four  miles  west  of  Otterbein  De- 
cember 21,  1905.    Another  was  shot  near  tliere  on  Deceml>er  4,  1905. 

One  shot  November  29.  1905,  two  miles  southeast  of  Mellott,  in  Foun- 
tain County,  by  John  Whalen,  just  after  dusk,  after  it  had  killed  two  old 
hens.    Mounted  for  Red  Men's  ITall  at  Mellott. 

One  shot  one  mile  northwest  of  Fortville.  Hancock  Count>',  by  Ottis 
Shepherd.     Reported  by  David  Fair  of  Fortville. 

.John  llaininor  took  a  Snowy  Owl  aliont  six  miles  south  of  Franklin, 
Johnson  (-ounty.     It  Is  now  owrie^l  l)y  S,  H.  Eccles. 

Gns  Habioh,  Indianapolis,  roooived  two  of  these  owls  recently.  Both 
were  killed  about  I>o<onil>or  1,  1905.  One  was  shot  by  William  Stroble. 
near  Shell)y,  Lake  Comity ;  the  other  by  Frank  Hoffman,  below  Shelby- 
ville.  in  Shelby  County,  Indiana. 

One  killed  by  Isom  Kelsey.  two  and  one-half  miles  southwest  of 
Shelbyville,  November  30,  1905, 
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One  killed  by  John  Tucker,  four  miles  north  of  Fairland,  Shelby 
CJounty,  about  November  16,  3905.    Owned  by  D.  H.  Tucker. 

One  owned  by  Fletcher  M.  Noe,  Indianapolis,  he  informs  me  was 
taken  near  Southport,  Marion  County,  Indiana,  December  20,  1906.  He 
reports  that  six  or  seven  have  been  brought  in  to  him  the  present  fall  and 
winter. 

One,  a  male,  killed  by  Frank  Clark,  in  Erie  Township,  Miami  County, 
December  17,  1905.  The  next  day  a  female  was  killed  in  that  vicinity  by 
Rawley  Runnell.  The  first  one  was  mounted  for  the  First  National  Bank 
of  Peru.    Reported  by  Joseph  H.  Shirk. 

One  shot  three  miles  nortliwest  of  Linden,  Montgomery  County,  by 
George  Ciderdin.  November  22,  1905.    Owned  by  J.  M.  Hose  of  Linden. 

One  killed  near  Darlington,  Montgomery  County,  November  21,  1905, 
by  N.  Royer.     Reported  by  S.  G.  Kersey. 

One  reiK)rted  by  Henry  A.  Link  to  have  been  killed  near  Avilla,  Noble 
County,  Indiana,  a  few  days  prior  to  December  14,  1905. 

W.  8.  Blatchley,  State  Geologist,  has  a  photograph,  taken  the  past  fall, 
of  a  bird  of  this  species,  in  the  possession  of  J.  W.  Sampson,  Farmersburg, 
Sulli vnn  County,  Indiana.  Mr.  Sampson  writes  that  another  was  killed 
at  Blnckliawk,  about  six  miles  east  of  Farmersburg,  about  the  same  time. 

John  Morgan  killed  one  in   Warren  Count>',  December  21,  1905. 

A  fine  siiecimen,  seen  in  the  window  of  the  Starr  Piano  Co.,  Rich- 
mond, Indiana,  was  killed  by  Mr.  Edgar  Moon,  near  Bowersville,  Greene 
County,  Ohio.  November  8,  1905.    Reported  by  J.  E.  Perkins. 

Mr.  Louis  A.  Test  of  Lafayette  reports,  upon  the  authority  of  Mr.  L. 
J.  Owens  of  that  city,  the  capture  of  one  by  Mr.  Carl  Townsley  at  Chal- 
mers, Indiana,  about  November  25,  1900. 

Mr.  Joseph  F.  Honecker  reports  seeing  ?ix  of  these  owls  near  Oak  For- 
est, Franklin  County,  December  15,  19(«5. 

Mr.  J.  W.  Crouch  informs  me  that  a  Snowy  Owl,  almost  perfectly 
white,  was  killed  November  11  or  12,  1900,  at  Fowler,  Benton  County,  and 
brought  to  him.  This  is  interesting  as  giving  an  early  record  for  this 
year  from  the  same  county  where  a  number  were  found  in  1905. 

Elanoidcs  forficaius  (Linn.)  Swallow-tniled  Kite. — On  September  3, 
1906,  one  was  seen  one  mile  south  of  Brookville.  Ind. — (Jos.  F.  Honecker.) 

FaUyo  pcregrinus  anatum  (Bonap.)   Duck  Hawk. — A  pair  were  found 

nesting  in  an  old  stone  quarry  near  Laurel,  Ind.,  April  28,  1906.    The  two 

eggs  were  placed  in  a  small  cavity  on  the  bare  rock  on  a  shelf  ten  or 
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''^'    ••        "■     .-  ■  '. '•'•'::  "r.er:-   "srw?  bones  and  fectters  of 

•*■■•  ■   r     .    .  .    I ..     "*;,-  ^j.--   .r*r  Lv-v  In  the  '.-oLIection  of  Jo*.  F. 
rf','- .-<•#>-    <^i,-    -  ..^.-    ;    ^__      y   xr;. .:..  -.v;/  irere  four.'!  ii:*i!  r'=';«jn»?^L 

■'  "^-  '-.  -   y.       *      .  ;>-  .2*:.-   I'l'Sf^tn:  Wil.j   P;s.i:*>a. — J»j?*-ph    F. 

':.'.-■.-■    .:,^^  ^.    •-*■..;   ■:    '•".'A  I'iz^^iii.  with  jonn?.  ne.'ir  H;tyLii«i:iil.   in 
•••'.»        ■.''■.•.-.      •   v.-  --.-;.-.:.' V  J:^.^..    The  same  r*rs.,ij  <;iy«i:     "Qu  May 
'     .  '•v     :   ;.,   :      .  r  ;:  .y*  .Snirif-  ti>  find  tlire*  lie^t*  of  the  Wild  Pisreon 
•  •^.  .'   •,-.-       '..r    .      -  *^.:-T  of  M:ik  Forert,  Franklin  Coanty.  Indiana.     The 
.*-.'.*    .  *....   ,>  .,•  fi.,-..-  V,  fifK-^ii  ff.f!t  from  the  sn-ound  in  a  small  elm  tree. 
'•  •   i  ^f  ";.-...   '.,..•.  ::.r.#|  two  i'-^'^H  oiirh  and  one  «Xpntained  two  young  only 
■J  .'-''  ':.;>-  r„rj.    J  j.;,-^  t|,<.  HJx  adiilt  Wrds  at  one  tinu-.  and  observed  them 
..'.■.:  -i.^r  .;./,:.:?  v.er'-  crown.    They  were  last  seen  toffi-th»^r  in  a  llix-k.  July 
'--    'I  ;.«■.-<-  :-  ;,riofher  miird  of  the  capture  of  n  .siKM-imen  in  Shelby  County. 
W^U:,j,,ri,  ijaflopfivo,   ilAnu.)   Wild  Turkey.— Ar^-ordlnj:   to   Mr.   E.   .J. 
^h^r.vUrr.  a  few  iire  mHII  fo  »h?  found  in  the  s^iutheni  part  of  Knox  (Vninty. 
f/.d. 

fPf:n*froira  vifforttii.  I''"''  >VarliIer.— T'.  I*.  Smith,  dnrinK'  the  summor  of 
y-ff^i,  \\H\U^\  (lu>  tmwl  «I«""*  "*"''  MJdjIpm  City.  There  anions  the  pine 
trirfrJ  he  found  Plnn  WarWew.  They  were  fairly  (^nnncm  June  10-2:t. 
Thont'Ii  \Uv  hInlH  wi'"*  '"  '■""  '*''"^'-  '"*  *'^''  "^'^  ""^^  ^»»*^  »<^«f-  He  de- 
HrrliKH^  the  woiir  H^  «*>•.»■  '*'"'"'"'  ^"  ^"^  "^  ''  ^''»'PI»i"«  Sparrow;  in  fmt.  so 
Nlinlhir  (htit  ho  ««*  •«•'•■'''*'"'  '^^  "  "*  "''''^-  ''^**'^  preceding  summer  (1003) 
the  name  olwrt^N*.  «•»>»«•  '^tudyln;?  the  hiol(,;:y  of  the  Stat(»  Forest  Reserve, 
iit    llenruilM.  ««   '•""*  ^^'" '"'''*• '*^  ^''^'^^^  «»'  f^'"'*  <i»'<^  amon^  the  pine- 

n.vomt  "kn.^"   "•''"*  '""^  "'^  '^"*''  *""  ^""'"^  "''"^^^  feeding:  youn«  that  were 
.     .T    ^r  *n»wn.     I'hey  dnul)tleKH  nested  there. 

/»,...,;^.  ^.''r***'  /^"■'/''■"-  '«<**'-''--'''»i«'*i  Sandpiper:  Aremican  Dunlin.— A 
Niwinlor.  rjiivti  tVlolKT  11.  llM)r,.  from  a  Ihu-k  of  slioro  birds  at  a  pond  in 
M„,.^v  •\N»«0.  ""»'**•  '•''  I»'"»'»'*'iH»lis.  was  |,resiMited  U>  me  by  Philip  Baker. 
ThN  K  /N^  *rsl  ft»"  '•«'*■*»'•*'  ^"'*  ^'»*-^  Yi.inity. 

,^w..i«w  «Wor/<'  rirranirinrta.     IUAUhI  lM|>in.;:  Plover.— A  tine  jrroup  of 
rN«M  W!^  *»•»'*'  '"'"^  '**^'*"''**  ^"  ^'"'  <'nntvtion  of  the  Chh-apo  Academy  of 
nil  taken  at  Millers,  imllana,  Jnn«»  I,*:.   v.M)^  ( F.  M.  \Voo<lniff). 
(Mtn-aiiM.     Kskhn«»  Curlew.- There  are  few  recorded  speii- 
^  llita  rare  ndjrrant  fmm   Indiana.     It,  therefore,  is  of  interest  to 
IMM  Mr.  J.   U.    Fleming'.  Toronto.  Out.,   that  he  has  one  marked 
lud..  male.  April   10.  1S<N)(?>. 
TiM^»raj'     iliinp/niH,       ]>ouhle  <n^ttHi     Cormorant.— Mr.     Roman 


Blcbstodt  of  Miirhlgau  City  bns  n  speclineii  thken  b;  him  Inside  Uie  breuk- 
wuter  tliero,  the  lust  of  November,  190-'!.     No  otliers  of  tU\n  spcH.-ieH  tvere 


Hyla  batnana.    Oniiuct. — A  few  month!;  :ii;o  I  wnn  tnkeii  to  we  a  bird 
of  thFfi  Npe<-le»<  111  tlic  store  of  lEoiiitin  EicUstodt.  Mlclilgim  City,  hid.     It 
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twelve  feet  from  the  ground.  About  them  were  bones  and  feathers  of 
pigeons,  chickens  imd  ducks.  The  e?ffs  are  now  in  the  collection  of  Jos,  F. 
Honecker,  Oak  forest,  Ind.,  by  whom  they  were  found  and  reported- 

fJctopistes  niiiFraiorius.  l*assonger  Pigeon;  Wild  Pigeon. — Joseph  F. 
Honecker  reports  seeing  a  Wild  Pigeon,  with  young,  near  Haymond,  in 
Franklin  County,  in  the  spring  of  l'.)Or).  'I'he  same  person  says :  "On  May 
18,  IIKMJ.  I  had  the  good  fortime  to  find  tliree  nests  of  the  Wild  Pigeon 
about  one  half  mile  east  of  Oak  Forest,  Franklin  County,  Indiana.  The 
nests  were  about  eight  to  fifteen  feet  from  the  ground  in  a  small  elm  tree. 
Two  of  them  contained  two  eggs  each  and  one  contained  two  young  only 
a  few  days  old.  I  saw  the  six  adult  birds  at  one  time,  and  observed  them 
until  the  young  were  grown.  They  were  last  seen  together  in  a  flock,  July 
13.    There  is  another  record  of  the  capture  of  a  specimen  in  Shelby  County. 

Meleauris  ijallopavo.  (Linn.)  Wild  Turkey. — According  to  Mr.  E.  J. 
Chansler,  a  few  are  still  to  be  found  in  the  southern  part  of  Knox  County, 
Ind. 

Dendroica  vigorsii.  IMne  Warbler. — C.  P.  Smith,  during  the  summer  of 
1904,  visited  the  sand  dunes  near  Michigan  City.  There  among  the  pine 
trees  he  found  Pine  Warblers.  They  were  fairly  common  June  19-23. 
Though  the  birds  were  in  full  song,  he  did  not  find  the  nest.  He  de- 
scribes the  song  as  very  similar  to  that  of  a  Chipping  Sparrow;  in  fact,  so 
similar  that  he  was  de<'eived  by  it  at  first.  The  preceding  summer  (1903) 
the  same  observer,  while  studying  the  biology  of  the  State  Forest  Reserve. 
at  Henryville,  saw  Pino  Warblers  three  or  four  times  among  the  pine- 
covered  **knobs."  The  last  of  July  he  found  adults  feeding  young  that  were 
practically  full  grown.     They  doubtless  nested  there. 

Pcliilnu  alpiiia  pacified,  Ued-l»arked  Sandpiper;  Aremican  Dunlin. — ^A 
specimen  taken  Octol)er  11.  11)05,  from  a  flock  of  shore  birds  at  a  pond  in 
Marion  Countj',  nortli  of  Indianapolis,  was  presented  to  me  by  Philip  Baker. 
This  is  the  first  fail  record  for  this  vicinity. 

Acgialitis  mcloda  rircnmcinrta.  Holted  IMplng  Plover. — A  fine  group  of 
these  birds,  with  four  eggs,  in  the  collection  of  the  Chicago  Academy  of 
Sciences,  was  taken  at  Millers,  Indiana,  June  13,  11)05   (F.  M.  Woodruff). 

Kumenius  borvallH.  Eskimo  Curlew. — There  are  few  recorded  speci- 
mens of  this  rare  migrant  from  Indiana.  It  therefore,  is  of  interest  to 
learn  from  Mr.  J.  U.  Fleming.  Toronto,  Ont.,  that  he  has  one  marked 
Chalmers.  Ind.,  male.  April  19,  1S90(?). 

Phalucrocorax     di  lop  fins.       Double-crested     Cormorant — Mr.     Roman 


Elchstodt  of  Mlchlgnii  Clt}'  lina  n  specimen  taken  by  him  luside  tlie  lireuk- 
Huier  tliere.  tlie  last  ot  Novwiiber.  190:;.     No  otUetn  ot  tills  spculos  wei-e 


Sala  t>a$»ana.    Gntin^t.— A  (vw  iiiontlis  ii|»i  I  wnK  tnhen  tn  see  a  bird 
of  this  Rpci'lett  111  the  store  of  Uoiiinii  El'iistodt.  MklilRuii  <:ity.  Iiid.     It 
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was  111  iiniiiature  fall  nlnningo,  as  determined  by  the  U.  S.  Biological  Sur- 
vey, to  which  a  photograph  waa  sent.  The  bird  was  killed,  according  to  the 
owner,  on  Lake  Michigan,  in  November,  1004.  about  two  miles  from  Mich- 
igan City.  It  was  said  to  be  unlike  auything  before  seen  in  that  vicinity. 
Oceanodroma  castro,  {Ocranodronia  (Tyi)toleucura  Ridgw.)  Hawaiian 
Petrel. — A  spo<iiucn  of  this  rare  si)ecle8,  whose  distribution  seems  to  be 
almost  world  wide,  was  given  to  me  by  Alden  M.  Hadley  of  Monrovia. 
Iiid.  He  obtained  it  from  Mr.  X.  TT.  Gano,  who,  on  June  15,  19()2,  found 
it  tluttcring  in  a  wheelbarrow  In  his  yard  at  Martinsville,  Ind-  He  picke<l 
up  the  bird,  hut  it  soon  died.  Its  stomach  was  entirely  empty  and  it  had 
evidently  died  t)f  hunger  and  exhaustion.  The  bird  was  sent  to  Mr.  Hadley, 
who  preserved  the  skin.  It  was  recogiiize<i  as  a  i>etrel,  and  the  species  was 
kindly  determined  by  Dr.  r.  W.  Richmond  of  the  Smithsonian  Institution. 
Five  si)e<'imens  oi*  this  bird,  from  its  collection,  were  later  sent  me  for 
examination.     The  following  notes  and  measurements  in  inches  are  given : 


'Jat.No. 


Sex.  I    Locality. 


I 


132764 
i8')Ml 
189860 
115461 
154436 


'? 


Galapagoe April  4, 1891 

Maderia Sept.  12. 1902 

Maderia :  Oct.  14, 1902 

Kau^ai.H.  I..   .1 

Wash.,  D.  C Aug.  29, 1893 

Martinsville.  Ind.    June  15, 1902 


C.H.Toinuend. 


Knudaen 

W.  Palmer. 
N.  H.  Qano. 


6.125 
5.750 
6  500 
5.750 
6  250 
6.000 


3.250 
3.000 
3.555 
3.968 
3  125 
3.500 


.987 
.937 
.937 
.937 
.937 
.937 


Slightly  forked. 
Much  worn. 
Very  aliKhtly  forked. 
N^irly  square. 
Neaiiy  aquarp. 
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Blood  Pressure  in  Man. 


O.  E.  Hoffman, 


(Abstract.) 


The  paper  consists  of  a  tabulation  of  the  readings  of  blood  pressure 
in  220  men  with  age,  day  and  hour  of  day,  mental  condition,  and  the  con- 
dition of  arteries,  heart  and  kidneys;  with  conclusions  as  to  what  factors 
influence  and  are  influenced  by  the  blood  pressure  in  man. 

As  the  subjects  were  unfamiliar  with  the  procedure  it  itself  Increased 
the  blood  pressure  in  most  cases  so  tbat  the  readings  are  high  for  them. 
The  highest,  taking  the  systolic  as  most  reliable,  was  270  in  an  old  man 
with  beady  arteries:  the  lowest,  vS8;  thirteen  were  above  200;  six  were 
below  100;  the  averages  for  the  series  was  IM  mmg  Hg  by  the  Rivi-Roccl 
mercurial   sphygmomanometer,   Stanton's   form. 

Age,  by  the  changes  in  the  blood  vessels,  is  the  most  constant  factor  in 
change  of  blood  pressure,  which  increases  with  age;  the  condition  of  the 
arteries  is  a  determining  factor;  the  more  rigid  their  walls  the  higher 
the  blood  pressure ;  all  with  high  pressure  have  rigid  arteries ;  coincldently, 
casts  and  albumen  occrurred  in  the  urine,  indicative  of  lesion  in  the  kid- 
neys. Valvular  lesion  of  the  heart  lessening  its  efficiency  raises  the  sys- 
tolic pressure. 

In  stupor  invariably  the  blood  pressure  was  low,  as  in  the  cases  of 
catalepsy,  which  gave  the  low  records;  likewise  In  dementia  the  blood 
pressure  Is  relatively  low ;  also  in  maniacal  conditions  it  is  decreased,  ap- 
proaching its  normal  with  recovery;  and  contrawise  the  blood  pressure  Is 
raiKod  in  melancholia  and  in  states  marked  with  delusions  of  persecution ; 
in  general  paresis  it  varies  according  to  the  mental  condition.  This  corre- 
six)ndence  of  mental  condition  to  blood  pressure  is  tolerably  uniform. 


r 


INDKX. 


ABBOTT,  GEORGE  A..  101,104. 
Annual  Meetinsr,  Profirram  of  the.  20. 
Annual  Mectins:,  The  twenty-second.  22. 

BIRDS.   SOME    NOTES  ON  INDIANA, 

145. 
Blood  Pressure  in  Man.  151. 
Breeze,  Fred  J.,  51. 

Brick.  The  Coefficient  of  Expansion  of.  108. 
Butler.  Amos  W..  145. 
By-Laws.  13. 

COMMITTEES.  1906-1907.  9. 
Conjufrate  Functions  and  ("anonical  Trans- 
formations, 93. 
Constitution,  11. 
Contents.  Table  of,  4. 
Correspondents.  List  of  Foreiim,  19. 
Coulter.  Stanley.  122. 114. 

DEAM.  CHARLES  C.  137. 
Diseases,  Parasitic  Plant.  129. 
Donaldson  Cave.  The  Mammalian  Remains 
of,  142. 

EVANS,  P.  N.,  98. 

FLORA  OF  INDIANA,  ADDITIONS  TO 
THE.  187. 

GOSS,  W.  F.  M.,  71. 

HAHN.  WALTER  L..  142. 

Halt,  W.  K.,  no. 

Hessler,  Robert,  23. 

Hoffman,  (i.  E.,  151. 

Hydrolysis,  a  Simple  Method  of  Measur 

infiT.  101. 
Hysriene,  The  Newer,  82. 

INDIANS.  THE  LUMMI,  139. 
Invariants,  (^oncernin^  Differential,  85. 
Ionization  of  the  Successive  Hydrojrens  of 
Orthophosphoric  Acid,  104. 


KERN.  FRANK  D..  129. 184. 

MANWARINQ,  WILFRED  H..  m. 
Medicine.  The  Evolution  of  in  Indiana,  28. 
Meeting,  The  Sprins:.  22. 
Meetinfir.  Proirram  of  the  Annual.  20. 
Meetinar.  The  Twenty-second  Annual,  22. 
Members,  14. 

OFFICERS.  1906-1907,  8. 

PAPERS  READ,  LIST  OF.  20. 
Parasitic  Plant  Diseases.  129. 
Park.  A  State  Natural.  51. 
Publication  of  Reports  and  Papers.  An  act 
to  provide  for,  5. 

REAGAN,  ALBERT  B..  189. 
Reinforced  Concrete,  Experimental  Stud- 
ies in,  77. 
Rothrock,  David  A..  85.  98. 

SALT  LIME.  NOTES  ON.  96. 

Sand  Dunes.    The   Michisran    and    their 

Flora.  122. 
Sclerotinia  Fructiflrena.  Notes  on  the  oe- 

currence  of.  134. 
Seas  tone,  C.  V..  108. 
Shannon.  Charles  W.,  58. 
Smokeless  C^ity,  Steps  in  the  Development 

of,  71. 
Sourness,  The  effect  of  Suflrar  on,  96. 

TREE  GROWTH,  NOTES  UPON  THE 
RATE  OF  GROWTH  IN  THE  GLA- 
CIAL SOILS  OF  NORTHERN  INDI- 
ANA,  114. 

WADE,  FRANK  B.,  96. 

White  River,  The  Drainage  Area  of  the 

East  Fork  of.  53. 
Woods.  ('Ontributious  to  the  Knowledge  of 

Vehicle,  110. 


(152) 


PROCEEDINGS 


OP  THE 


Indiana  Academy  of  Science 


1907 


EDITOR, LYNN  B.  MoMULLEN 


INDIANAPOLIS,  IND. 
1906 


INDIANAPOLIS 

Wm.  B.  Bi'KP<>Ki»,  Printer 

1906 


THE  STATE  OF  INDIANA, 

ExBOUTivE  Department, 

March  24,  1906 


.} 


Reoeived  by  the  Gtovemor,  examined  and  referred  to  the  Auditor  of 
State  for  yerification  of  the  financial  statement. 


OiTFiCE  OF  Auditor  of  State,  i 

Indianapolis,  April  17,  1908.  f 

The  within  report,  so  far  as  the  same  relates  to  moneys  drawn  from  the 
State  Treasury,  has  been  examined  and  found  correct. 

J.  O.  BILLHEIMER, 

Auditor  of  State, 


April  17,  1908. 

Returned  by  the  Auditor  of  State,  with  above  certificate,  and  trans- 
xnitted  to  Secretary  of  State  for  publication,  upon  the  order  of  the  Board 
of  Commissioners  of  Public  Printing  and  Binding. 

FRED  L.  GEMMER, 

Secretary  to  the  Governor. 


Filed  in  the  office  of  the  Secretary  of  State  of  the  State  of  Indiana, 

April  17,  1908. 

FRED  A.  SIMS, 

Secretary  of  State. 


the  within  report  and  delivered  to  the  printer  April  17,  1908. 

HARRY  SLOUGH, 

Clerk  Printing  Bureau. 


(3) 


TABLE  OF  CONTENTS. 


PAGE. 

An  act  to  provide  for  the  publication  of  the  reports  and  papers  of  the  Indiana 

Academy  of  Science 5 

An  act  for  the  protection  of  birds,  their  nests  and  eggs 7 

Officers,  1907-1908 8 

Committees,  1907-1908 9 

Principal  officers  since  organization 10 

Constitution 11 

By-Laws 13 

Members,  Fellows 14 

Members,  non-resident 15 

Members,  active 16 

Program  of  the  Twenty-third  Annual  Meeting 20 

Report  of  the  Twenty-third  Annual  Meeting  of  the  Indiana  Academy  of 

Science 22 

In  Memoriam 23 

Papers  presented  at  the  Twenty- third  Annual  Meeting 28 

Index 159 


(4) 


AX  ACl'  TO  PROVIDP]  FOK    THK  PUBLICATION  OF  THE  UEPOKTS 
AND  PAPERS  OF  THE  JNI»IANA  ACADEMY  OF  SCIENCE. 

I  Approved  March  11,  1895. J 

Whebi-l^s,  The  Induiua  Academy  of  Science,  a  chartered 
scientific   association,   has   embodied   iu   its   constitution    a  *™ 

provision  that  it  will,  upon  the  request  of  the  Governor,  or  of  the  several 
depaitments  of  the  State  government,  through  the  (Governor,  and  through 
its  council  as  an  advisory  body,  assist  in  the  direction  and  execution  of 
any  investigation  within  its  province,  without  pecuniary  gain  to  the  Acad- 
emy, provide*!  only  that  the  necessary  exi>en8es  of  such  investigation  are 
borne  by  the  State ;  and, 

Whebeas,  The  reports  of  the  meetings  of  said  Academy,  with  the  sev- 
eral papers  read  before  it,  have  very  great  educational,  industrial  and  eco- 
nomic value,  and  should  be  preserved  in  i)ermanent  form ;  and 

Whereas,  The  Constitution  of  the  State  makes  it  the  duty  of  the  Gen- 
eral Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific  and 
agricultural  improvement;  therefore, 

Section  1.  Be  it  enacted  hy  the  (rcneral  Assembly  of  the  Publication  of 
State  of  Indiana,  That  hereafter  the  annual  reports  of  the  the  Reports  of 
meetings  of  the  Indiana  Academy  of  Science,  beginning  with  Academy  of 
the  report  for  the  year  18J>4,  including  all  papers  of  scientifl<-  Science, 
or  €HH)nomic  value,  presented  at  such  meetings,  after  they  shall  have  been 
edited  and  prepared  for  publication  as  hereinafter  provided,  shall  be  pub- 
li.shefl  bj'  and  under  the  direction  of  the  Commissioners  of  Public  Printing 
and  Binding. 

Sec.  2.     Said  reports  shall  be  edited  and  prepared  for 

publication   without   expense   to   the   State,    by  a   corps   of      Editing 

editors  to  be  selected  and  appointetl  by  the  Indiana  Anidmey     Reports. 

of  Science,  who  shall  not.  by  reason  of  such  services,  have 

any  claim  against  the  State  for  conii>ensation.    The  form,  style  of  binding, 

paper,  tyiKjgraphy  and  manner  and  extent  of  illustration  of 

Number  of 
such  reports,  shall  be  determined  by  the  e<litors,  subject  to     printed 

the  approval  of  the  Commissioners  of  Public  Printing  and      l*«Ports. 
Stationery.    Not  less  than  1,500  nor  more  than  3,000  copies  of  each  of  said 
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n»|x>rts  shall  Ik'  ihUiIIsIuhI,  llu*  sizi*  of  tho  tNlition  within  said  limits  to  Ik* 
deterinincKl  by  tlit»  coiicnrrtMit  action  of  tho  editors  and  the  Coiumissiouors 
of   rublic   Printing;   and    Stationery:      Proviilrd,   That   not   to  exceed   six 

hundred  dollars  ($r>(KO  vShall  be  exi>ended  for  sueli  publica- 

l*rovij<o 

tion  in  any  one  year,  and  not  to  extend  beyond  189G:     Pro- 

vhli'il.  That  no  sums  shall  l»e  dtHMued  to  l>e  appropriated  for  the  year  18W. 

Sf:c.  3.    All  except  three  hundred  copies  of  <»ach  volume 

Dispositum  ^)f  j..^m  reports  shall  be  i)laoed  in  the  custody  of  the  State 

of  GeportH. 

Librarian,  who  shall  furnish  one  copy  tliereof  to  each  pub- 

11'  library  in  the  State,  one  copy  to  each  university,  college  or  normal 
school  in  the  State,  one  copy  to  each  hij^h  school  in  tlie  State  having  a 
library,  which  shall  make  application  therefor,  and  one  copy  to  such  other 
institutions,  societies  or  persons  as  may  be  designated  by  the  Academy 
through  its  editors  or  its  counciJ.  The  remaining  three  hundred  copies 
shall  be  turned  over  to  the  Academy  to  l)e  disposed  of  as  it  may  determine, 
in  order  to  i)rovide  for  the  preservation  of  the  same  it  shall  be  the  duty 
of  the  Custixiian  of  the  State  House  to  provide  and  place  at  the  disix)sal 
of  the  AcadeuTy  one  of  the  unoccupied  rooms  of  the  State  House,  to  be 
designated  as  the  ollice  of  the  Indiana  Academy  of  Science,  wherein  said 
copies  of  said  reports  belonging  to  the  Academy,  together  with  the  original 
manuscripts,  drawings,  etc.,  thereof  can  be  safely  kept,  and  he  shall  also 
jHpiip  the  same  with  the  necessary  shelving  and  furniture. 

Src.  4.  An  emergency  is  hereby  declared  to  exist  for 
Knierjrency.  ^^^^  imme<liate  taking  effect  of  this  act.  and  it  shall  there- 
fore take  eflf(Kt  nnd  be  in  force  from  and  after  its  passage. 


AN   ACT   FOK   THE    PKOTKC'TION    (^F    BIKDS.   TIIEIU    NESTS    AND 

EG(iS. 

Section  (KJ2.  It  oball  be  unlawful  for  any  person  to 
kill,  trap  or  possess  any  wild  bird,  or  to  i)urchase  or  offer  ^^  **' 
the  same  for  sale,  or  to  destroy  tbe  nests  or  the  eggs  of  any  wild  bird  ex- 
cept as  otherwise  provided  In  this  section.  But  this  section  shall  not  ai>ply 
to  the  following  named  jxanie  birds :  The  aVnatidie,  commonly  calle<l  swans, 
geese,  brant,  river  and  sea  duck;  the  Kail  Ida?,  commonly  known  as  rails, 
coots,  mudhens,  and  gallinules;  the  Liniicolie,  commonly  known  as  shore 
birds  plovers,  surf  birds,  sniiK\  woiKlcock,  sandpii)ors,  tatlers  and  curlews ; 
nor  to  English  or  Euroi)Oftn  liouse  sparrows,  crows,  hawks,  or  other  birds 
of  prey.  Nor  shall  thib  .section  ai)ply  to  any  person  taking  birds  or  their 
nests  or  eggs  for  scientific  purposes  under  iiermit,  as  provided  in  the  next 
section.  Any  jwrson  violating  tlie  jirovisions  of  this  section  shall,  upon  con- 
viction, be  fined  not  less  than  ten  dollars  nor  more  than  fifty  dollars. 

Six;.  G03.  Perndts  may  be  granted  by  the  Commissioner  of  Fisheries 
and  Game  to  any  proi>erly  accredited  person,  permitting  the  holder  there- 
of to  colle<:-t  birds,  their  nests  or  eggs  for  strictly  scientific  purposes.  In 
order  to  obtain  such  permit  the  applicant  for  the  same  must  present  to 
said  Comndssioner  written  testimonials  from  two  well-known  scientific 
men  certifying  to  the  good  character  and  fitness  of  said  applicant  to  bt» 
entrusted  with  such  privilege,  and  pay  to  said  Board  one  dollar  therefor. 
and  file  with  him  a  properly  executed  bon<l  in  the  sum  of  two  hundred 
dollars,  payable  to  the  State  of  Indiana,  conditioned  that  he  will  obey  the 
terms  of  such  permit,  and  signed  by  at  least  two  n^sponsible  citizens  of 
the  State  as  sureties.  The  bond  may  be  forfeited  and  the  permit  revoked 
upon  proof  to  the  satisfaction  of  such  Connnissioner  that  the  holder  of 
fluch  i>ermit  has  killed  any  bird  or  taken  the  nests  or  (»ggs  of  any  bird  for 
nny  other  purpose  than  that  named  in  this  section. 
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CONSTITUTION. 


AUllCLE  I. 

jSection  I.  This  asswiation  shall  be  calltHl  the  ludiaua  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academj'  shall  be  scieutific  research  and 
the  diffusion  ot  knowledge  couceming  the  various  departments  of  science, 
to  promote  intercourse  betvveini  men  engaged  in  scientific  worlt,  especially 
in  Indiana ;  to  assist  by  investigation  and  discussion  in  developing  and 
mailing  Known  the  material,  educational  and  other  resources  and  riches 
of  the  State ;  to  arrange  and  prei)are  for  publication  such  reports  of  inves- 
tigation and  discussions  as  may  further  the  aims  and  objects  of  the  Acad- 
emy as  set  forth  in  these  articles. 

Whereas,  The  State  has  undertaken  the  publication  of  such  proceed- 
ings, the  Academy  will,  upon  request  of  the  Governor,  or  of  one  of  the  sev- 
eral departments  of  the  State,  through  the  (Governor,  act  through  its  coun- 

« 

cil  as  an  advisory  bo<ly  in  the  direction  and  exe<»ution  of  any  investigation 
within  its  province  as  stated.  The  necessary  expenses  incurred  in  the  prose- 
cution of  such  investigation  are  to  be  borne  by  the  State;  no  pecuniary  gain 
is  to  come  to  the  Academy  for  its  advice  or  direction  of  such  investigation. 
The  regular  proceedings  of  the  Academy  as  published  by  the  State 
shall  l¥i<ome  a  public  document. 

ARTICLE  11. 

Section  1.  Members  of  this  Academy  shall  be  honorary  fellows,  fel- 
lows, non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  in  any  department  of  scientific  work,  or 
in  original  research  in  any  dei)artment  of  science,  shall  be  eligible  to  active 
memt>ershi(».  Active  men)bers  may  be  annual  or  life  members.  Annual 
members  may  be  elected  at  any  meeting  of  the  Academy;  they  shall  sign 
ttie  ctmstitution,  pay  an  admission  fee  of^  two  dollars,  and  thereafter  an 
annual  fee  of  one  dollar.     Any  person  who  vShall  at  one  time  contribute 
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fifty  dollars  to  the  funds  of  this  Academy  may  be  elected  a  life  member  of 
the  Academy,  free  of  assessment.  Non-resident  members  may  be  elected 
from  those  who  have  been  active  members  but  who  Imvc  removed  from  the 
State.  In  any  case,  a  three-fourths  vote  of  tlie  members  i)resent  shall  elect 
to  membership.  Applications  for  membership  in  any  of  the  foregoing  classes 
shall  be  referred  to  a  comniittco  on  application  for  membership,  who  shall 
consider  such  a]iplication  and  report  to  the  Academy  before  the  election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who 
have  recogniz(Hl  standing  as  scientific  men,  and  who  have  been  members 
of  the  Acradenjy  at  least  one  3'ear,  may  be  recommended  for  nomination  for 
el('<»tion  as  fellows  l)y  three  fellows  or  moml>ers  i)ersonally  acquainted  with 
their  work  and  character.  Of  members  so  nominated  a  numl}er  not  exceed- 
ing five  in  ou«;  year  may,  on  recommendation  of  the  Executive  Committee, 
be.  elected  as  fellows.  At  the  nicH?ting  at  which  this  is  adopted,  the  mem- 
bers of  the  Executive  Committee  for  18^  and  fifteen  others  shall  be  elected 
fellows,  and  those  now  honorary  members  shall  become  honorary  fellows. 
Honorary  fellows  may  be  elected  on  account  of  special  prominence  in 
sciencre,  on  tlie  written  recommendation  of  two  memt)ers  of  the  Academy. 
Tn  any  ease  a  three-f<iurths  vote  of  the  members  present  shall  elect. 

ARTICLE  HI. 

Skction  1.  The  officers  of  this  Academy  shall  be  chosen  by  ballot  at 
the  annual  meeting,  and  shall  hold  oflice  one  year.  They  shall  consist  of  a 
President,  Vice-I*resident.  Secretary,  Assistant  Secretary,  Press  Secretary 
and  Treasurer,  who  shall  iMjrform  the  duties  usually  pertaining  to  their 
respective  offices,  and  in  addition,  with  the  ex-Presidents  of  the  Academy. 
shall  constitute  an  Executive  Committee.  The  President  shall,  at  each  an- 
nujil  niet^tini;,  appoint  two  memlMTs  to  be  a  conuuittee,  which  shall  prei>are 
the  programs  and  have  charge^  of  the  arrangements  for  all  meetings  for 
on<»  year. 

Skc.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianarjolis  within  the  week  followini:  ('hristmas  of  each  year,  unless 
otherwise  ordered  l)y  the  Executive  Committees  There  shall  also  be  a  sum- 
mer meeting  at  snrh  time  and  i)lace  as  may  be  decided  upon  by  the  Execu- 
tive Committee.  Other  meetings  may  be  called  at  the  discretion  of  the  Ex- 
ecutive Committee.  '^I'ho  past  Presidents,  together  with  the  officers  and  Ex- 
ecutive Commit t(K»,  shall  constitute  th(^  conncil  of  the  -Vcademy,  and  repre- 
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sent  it  in  the  transaction  of  any  necessary  business  not  esi)ecia11y  provided 
for  in  tliis  constitution,  in  tlie  interim  between  general  meetings. 

Sec.  3.  This  constitution  may  be  altered  or  amendeil  at  any  annual 
meeting  by  a  three-fourths  majority  of  the  attending  members  of  at  least 
one  year*s  standing  No  question  of  amendment  shall  be  decided  on  the 
day  of  its  presentation. 


BY-LAWS. 


1.  On  motion,  any  siK^cial  department  of  science  shall  be  as.signed  to 
a  curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  members 
Interested  in  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  rei>orts  shall  hiclude  a  brief  sum- 
mary of  tlie  progress  of  the  department  during  the  year  preceding  the  pre- 
sentation of  the  report. 

2.  The  President  shall  deliver  a  public  address  on  the  morning  of  one 
of  tiie  days  of  the  meeting  at  the  expiration  of  his  term  of  ottice. 

.'i.  The  Press  Secretary  shall  attend  to  the  securing  of  projier  news- 
paper reports  of  the  meetings  and  assist  the  Secretary. 

4.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice 
of  the  same  having  been  sent  to  the  address  ot  each  member  at  least  fifteen 
cla>'8  before  such  meeting. 

5.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed 
by  the  President  and  countersigned  by  the  Secretary. 

<>.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two 
y<4irs,  having  been  annually  notified  of  their  arrearage  by  the  Treasurer, 
shall  have  their  names  stricken  from  the  roll. 

7.  Ten  members  shall  constitute  a  iiuoniiu  for  the  transaction  of 
bimltiess. 
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MEMBERS. 


FELLOWS. 

R.  J.  Aloy *1S98 Bloomiitgton 

J.  (;.  Arthur \H\r^ Lafayette. 

J.  W.  Jioede 190(i Bloomington. 

George  W.  l^enton 1896 Indianapolis. 

A.  J.  Bigney 1897 Moore's  Hill. 

Katherine  Golden  letting 1895 Lafayette. 

W.  S.  Blatcliley 1893 Indianapolis. 

Donaldson  Bodine 1899 Crawfordsville. 

n.  L.  Bruner 1899 Irvington. 

Severance  Burrage 1898 Lafayette. 

A.  W.  Butler 1893 Indianapolis 

W.  A.  Cogshidl 1900 Bloomington. 

Mel.  T.  Cook 1902 Newark,  Del. 

John  M.  Coulter 1893 Chicago,  111. 

Stanley  Coulter 1893 Lafayette. 

Glenn  Culbertson 1899 Hanover. 

JE.  R.  Cumings 1906 Bloomington. 

D.  ^\.  Dennis 1895 Richmond. 

C.  R.  Dryer 1897 Terre  Haute. 

C.  H.  Eigeninann 1893 Bloomington. 

Percy  Norton  Evans UK)1 West  Lafayette 

A.  L.  Foley 1897 Bloomington. 

M.  J.  (iolden 1899 Lafayette. 

W.  F.  M.  (Joss 1893 Urbana,  111. 

Tlionias  Grav 1893 Terre  Haute. 

A.  S.  Hathaway 1895 Terre  Haute. 

W.  K.  Hatt 1902 Lafayette. 

Robert.  Hesslrr 1899 Logansport. 

H.  A.  Huston 1893 Chicago,  III. 

Edwin  S.  .lohonnatt HK)4 Terre  Haute. 

Rob(*rt  E.  Lyons 1890 Bloomington. 

W.  A.  Mclioth   1901 Terre  Haute. 

■'  I>Ht«  of  flection. 
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V.  F.  Maisters * IS93 Hloomington. 

C.  L.  Mees 1S94 Terre  Haute. 

J.  A.  Miller. 1904 8wartluiu)r(\  Pa. 

\V.  J.  Moenkliaus 1901 Hloomington. 

I).  M.  Mottier 1893 Hloomington. 

J.  P.  Naylor 190:5 (Jreencastle. 

W.  A.  Noyes 1893 Champaign,  111. 

Rolla  R.  Ramsey 1906 Hloomington. 

J.  H.  Ransom 1902 Lafayette. 

L.  J.  Retti^r 1890 Terre  Haute. 

David  Rothrock 1900 Hloomington. 

J.  T.  Scovell 1894 Terre  Haute. 

Alex  Smith 1893 Chicago.  111. 

W.  E.  Stone 1893 Lafavette. 

Joseph  Swain 1898 Swarthniore,  Pa 

M.  B.  Thomas 1893 (Vawfonlsville. 

C.  A.  Waldo 1893 Lafayette. 

V.  M.  Webster 1894 Wa.shington,  1).  ( ■. 

Jacob  Westlund 1904 Lafayette. 

H.  W.  Wiley 1895 Washington,  1).  C 

John  S.  Wright 1894 Indianapolis. 

■^  Date  of  election. 


XON-RESIDENT  MEM  HERS, 

George  H.  Ashley Charleston,    S.    C. 

J.  C.  Branner Stanford  University,  Cal 

M.  A.  Hrannon (Irand  Forks,  N.  D. 

D.  H.  (*ampbell Stanford    University,  Cal. 

A.  Wilnier  Duff Worcester,  Mass 

B.  W.  Everman Washington,  D.  ('. 

Charles  H.  Gilbert Stanford  T'niversity,  Cal. 

C.  W.  Green Columbia,  Mo. 

C.  W.  Hargitt Syracuse,  N.  Y 

O.  P.  Hay Xew  York  City. 

Edward  Hughes Stockton,  Cal 

0.  P.  Jenkins Stanford   University,  Cal. 

I).  S.  Jordan Stanfonl   University,  Cal. 
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J.  S.  Kingsley Tufts  College,  Mass. 

D.  T.  MacDougal Bronx  Park,  New  York  City 

T.  C.  Mendenhall Worcester,  Mass. 

Alfred  Springer Cincinnati,  Ohio. 

Robert  B.  Warder Washington,  D.  C. 

Ernest  Walker Clcmson  College,  S.  C. 


ACTIVE  MEMBERS. 

Gieorge  Abbott Indianapolis. 

Walter  D.  Baker Indianapolis. 

Edward  Hugh  Bangs Indianapolis. 

Lee.  F.  Bennett Valparaiso. 

Harry  Eldridge  Bishop Indianapolis. 

Lester  Black 

William  N.  Blanchard Greencastle. 

Charles  S.  Bond Richmond. 

H.  C  Brandon Bloomington. 

Fred  J.  Breeze* Remington. 

E.  M.  Bruce Terre  Haute. 

Lewis  Clinton  Carson Detroit,  Mich. 

Herman  S.  Chamberlain Indianapolis. 

E.  J.  Chansler Bicknell. 

Otto  O.  Clayton Geneva. 

Howard  W.  Clark Chicago,  III. 

H.  M.  Clem Monroeville. 

Charles  Clickener Silverwood,  R.  D.  No.  1. 

Charles  A.  (^offey Petersburg. 

Ulysses  O.  Cox Terre  Haute. 

William  Clifford  Cox Columbus. 

J.  A.  Cragwall Crawfordsville. 

M.  E.  Crowell Franklin. 

Lorenzo  E.  Daniels Laporte. 

S.  C.  Davisson Bloomington. 

Charles  C.  Deam Bluffton. 

Martha  Doan Westfield. 

J.  p.  Dolan Syracuse. 
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HennAn  B.  Domer Cra^'fordsville. 

Hans  Duden Indianapolis. 

Arthur  E.  Dunn Logansport. 

Herbert  A.  Dunn Logansport. 

M.  L.  Durbin Anderson. 

J.  B.  Dutcher Bloomington. 

Max  Mapes  Ellis Vincennes. 

Samuel  G.  Evans Evansville. 

William  P.  Felver Logansport. 

Wilbur  A.  Fiske Richmond. 

Austin  Funk Jeffersonville. 

John  D.  Gabel. Madison. 

Andrew  W.  Gamble Logansport. 

H.  O.  Garman Lafayette. 

Charles  W.  Garrett Pittsburg,  Pa. 

Robert  G.  Gillum Terre  Haute. 

Vernon  Gould Rocliester. 

Frank  Cook  Greene New  Albany. 

Walter  L.  Hahn Mitchell. 

Mary  T.  Harman • State  College,  P:i. 

Victor  Hendricks St.  I^ouis. 

John  P.  Hetherington Logansport. 

C-  E.  Hiatt Bloomington. 

John  E.  Higdon Indianapolis. 

Frank  R.  Higgins Torre  Haute. 

S.  Bella  Hilands Madison. 

John  J.  Hildebrandt Logansport. 

G.  E.  Hoffman Logansport . 

Allen  D.  Hole Richmond. 

Lucius  M.  Hubbard South  Bend. 

John  N.  Hurty Indianapolis. 

Wm.  J.  Jones,  Jr West  Lafayette. 

O.  L.  Kelso Terre  Haute. 

Frank  D.  Kern Lafayette. 

Charies  T.  Knipp Urbana,  111. 

R.  W.  McBride Indianapolis. 

Richard  C.  McClaskey Terre  Haute. 

N.  E.  Mclndoo Lyons. 

[2—18192] 
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Lynn  H.  McMullen Indianapolis 

Edward  G.  Maliin West  Lafayette 

JanM'S  K.  Manchester Vincennes. 

Wilfred  H.  Manwarin^ Rioomington. 

William  Edgar  Mason Honlon. 

Clark  Mick Itokley,  (  al. 

(i.  Rudolph  Miller Indianapolis. 

Richard  Bishop  Mooro   Indianapolis 

Fred  Mulchler Terre  Haute. 

Charles  10.  \e  .lin Irvington. 

Jolin  F.  Nev.soni Stanford   University,  (al 

I).  .\.  ( )\ven Franklin. 

Rollo  J.  Peirce Indianapolis 

Ralph  H.  Poll;   Greenwood. 

James  A.  Price Ft.  Wayne. 

A.  H.  Purdue Fayetteville,  Ark. 

Albert  H.  Reagan Mora,  Wash. 

Allen  J.  Reynolds Fimporia.  Kansas. 

Giles  E.  Rii)ley Decorah.  Iowa. 

( J(»orge  L.  Rolx'rts • Muneie. 

E.  \.  Schultze Chicago,  111. 

NN'ill  Scott Hloomington. 

Charles  Wm.  Shannon Hloomington. 

Fred  Siilery Indianapolis 

J.  R.  Slonaker Madison.  Wis. 

Albert  Smith Lafavette. 

I^issie  Alma  Smitli Hloomington. 

C.  Piper  Smith Pacific  Grove,  Cal. 

J.  M.  Stoddard Indianapolis. 

Albert  W.  Thompson    Owensville. 

W.  H.  \'an  (lorder Worthington. 

H.  S.  \"o()rhees Ft.  Wayne. 

Frank  H.  Wade Indiana])oli8. 

I)ani('l  T.  Weir Indianapolis. 

.\.  E.  White Connersville. 

Guy  West  Wilson Fayette.  Iowa. 

William  Watsjui  Woollen Indiana|H)lis 

Herbert  Milton  Woollen Indianajtolis. 
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J.  F.  Woolaey Indianapolis. 

Wm.  J.  Young Hyattsville,  Md. 

Lucy  Youse Terre  Haut^. 

Charles  Zeleny Bloomington . 

Fellows 53 

Non-resident  members 19 

Active  memlKjrs 108 


Total ISO 

NoTF..— For  list  of  Foreiern  ('orresporxhtnts,  see  l*r()C('e<linsrs  of  1901. 
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PROGRAM 


OF  THE 


TWENTY-THIRD  ANNUAL  MEETING 


OF  THE 


INDIANA  ACADEMY  OF  SCIENCE. 

SHORTRIDGE  HIGH  SCHOOL,  INDIANAPOUS. 
NOVEMBER  28  AND  29,  1907. 


•Preflidcnt'8  Addrcw— History  and  Control  of  Sex D.  M.  IfotUer 

GENERAL. 

*1     The  Origin  of  AdapUtion  in  the  Fresh  Water  Fftuna.  15in C.  H.  Eigemnann 

*  2.    Spectacles— A  Concession  to  the  Theory  of  Evolution.  20m AG.  Pohlman 

*  3     New  Science  Laboratories  in  Moore's  Hill  College.  10m A.J.  Bigney 

*  4.    A  Study  in  tha  Sex  Ratio  in  the  Fruit  Fly,  15m W.  J.  MoraUuMia 

*  5     Some  Photographs  (Lantern  Slides)  of  Daniel's  Comet,  1907,  20m W.  A.  CogahaU 

*  0.  The  Celebration  by  the  New  York  Academy  of  Sciences  of  the  Two  Hundredth  Anniversary  of  the 

Birth  of  Linnaeus,  10m G.  W.  Wibon 

7.    Hand  Dexterity,  15m AG.  PohimaB 

8     The  Autopsy  in  Relation  to  the  Public  Health.  12m H   R.  Alburger 

*  0.    An  InvestiKatk>n  of  the  Fuel  Value  of  Indiana  Peats,  12m RE.  Lyons 

ZOOLOGY. 

1      Tardy  Humming  Birds,  5m W.  B.  Van  Gorder 

*2.    The  MoultinR  Mechanism  of  Lixards  (Lantern  Slidea),  20m H.  L.  Bruacr 

3.  A  Crow  Roost  near  Remington,  Ind.,  5ni   F.  J.  Breete 

4.  The  Relation  of  the  Degree  of  Injury  to  the  Amount  of  Regeneration  und  the  Moulting  Period  in  Gam- 

marius,  15m Mary  Harman 

5.  The  Influence  of  Environment  on  Man,  15m Robert  Heariai 

*A.     Some  Internal  Factors  Controlling  Regeneration  in  Soypbomedudon,  Casdiopea  Xaniai'hana.  10m.. .. 

Charlea  Zdeny 

7.  Selective  Fertilization  in  CerUin  FiHhe?.  10m W.J.  Moeakham 

8.  Heredity  in  the  Tumor  Cell.  15m  H.  R.  AlburBer 

*9.    The  Circulation  Through  the  Fetal  MamniHliaii  Heart.  15m A .  G.  PoUom 

*10.    The  Technique  of  the  Three  Dimension  He<ondtruotion  Model.  15m A.  Q   PbUaaB 

*11.     Experiments  on  the  Rate  of  Regeneration.  10m M.  M.  EUi 

12.    Obaervationfl  on  the  Senses  and  Habits  of  Bats,  10m W.  L.  Hako 

*13.    Some  notes  on  the  Habits  of  tlie  common  Box  TurtL,  5ui Glenn  ddbcrtna 

•14      Notes  on  FA5olog>' of  the  Pitcher  Plant M.  M.  EDli 
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BOTANY. 


•1.  The  Pcrmraaponles  of  Indiaoft.  lOm G.  W.  Wilaon 

2.  The  Eviitence  of  Roestdla  PenciUaU  and  Its  Telioeporic  Phue  in  North  America.  15m F.  D.  Kern 

3.  The  Heterotype  Chmmoeomes  in  Pinus  and  Thuja,  10m I.  If.  Lew  s 

4.  Inflect  Galls  of  Indiana.  10m Md  T.  Cook 

C.I-X)LOGY. 

1.  A  Ph>bable  Origin  of  the  SmairMounds  of  the  MisBNsippi  and  Tcxas'Koffions,  15ro A.  B.  Reagan 

2.  Indiana  Soil  Types.  10m C  W.  Shannon 

3.  Structures  in  the  So-Called  "Huron"  Formation  of  Indiana,  induced  by  the  Solution  of  the  Miasissip- 

pian  Umestone  Beneath.  10m J.  W.  Beede 

4.  Stratisraidiy  of  the  Richmond  Formation  of  Indiana.  20m K.  R.  Cumings 

*5.     Some  peculiarit  es  of  the  Valley  Erosion  of  Big  Creek  and  its  Tributaries  in  Jefferson  County,  6m 

(ilenn  Culbertson 

PHYSICS. 

•1 .     The  Cause  of  Surface  Tension,  10  m A   L  Folev 

*2.     Lo«  of  Weight  in  Clbemicai  Reactions,  10m J .  B.  Dutcher 

CHEMISTRY. 

•1  The  Electrolytic  Production  of  Sdenic  Acid  from  Lead  Selenate.  10m F  C  Mathers 

f2.  Some  Complex  Urekis.  5m James  Currie 

•3.  Thtocarbonyhalicylanude  and  Derivativei,  5m R.  E.  Lycms 

4.  The  Volumetric  Determinatwn  of  Selenic  Ackl.  5ni R  F2.  Lyons 


*  Papers  ^  markrd  wire  read. 
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THE  TWENTY-THIRD  ANNUAL  MEETING  OF  THE 
INDIANA  ACADEMY  OF  SCIENCE. 


The  twenty-third  aiiniml  meetlug  of  the  ludiaua  Academy  of  Science 
was  held  at  Indianapolis,  Thursday  and  Friday,  November  28  and  29, 
191)7. 

Thurstlay  at  G  p.  m.  hfteen  members  of  the  Academy  dined  at  the 
Clayi)ool.  Following  the  dinner  the  Executive  Committee  met  In  regular 
session  at  the  headquarters. 

At  9 :30  Friday  morning  the  Acad(»my  met  in  one  of  the  rooms  of  the 
Shortridge  High  School.  President  1>.  M.  Motticr  presided.  The  transac- 
tion of  business  and  tlie  niading  of  papers  occupied  the  attention  of  the 
Academy  until  eleven  o'cloclc  wlien  the  President  read  his  paper  on  *The 
History  and  Control  of  Sex." 

Following  the  address  an  adjournment  was  taken  until  2  o'clock.  On 
reassembling  the  business  session  was  held  after  which  other  papers  were 
presented  and  discussed.  At  4:lMi  i*.  m.,  the  program  having  l)een  com- 
pleted in  sectional  groups,  the  meeting  adjourned  to  meet  at  some  educa- 
tional institution  In  the  State  outside  of  Indianapolis,  the  place  to  be 
de(?ided  by  the  progrnm  committer. 


9n  iSl^mortam 


LUCIEN  MARCUS  UNDERWOOD 

BORN 

NEW  WOODSTOCK,  NEW  YORK, 

OCTOBER  TWENTY-SIXTH,  EIGHTEEN  HUNDRED  FIFTY-THREE. 

DIED 

REDDING,  CONNECTICUT, 

NOVEMBER  SIXTEENTH,  NINETEEN  HUNDRED  SEVEN. 


Kn  iSl^ttuirtam 


MOSES  M.  ELROD 

DIED 

OOLUBCBUS,  INDIANA, 

MAY  TWENTIETH,  NINETEEN  HUNDRED  SEVEN. 
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LUCIEN  MARCUS  UNDERWOOD. 


A  BlOGRAPHIOAL  SKETCH. 


Lucien  M.  Underwood  was  born  October  20,  1853,  in  New  Woodstock, 
New  York,  and  died  at  his  liome  in  Redding,  Connecticut,  November  16, 
1907.  At  the  age  of  fifteen  he  entered  Cazenovia  Seminary,  where  he  pre- 
pared for  college.  In  the  fall  of  1873  he  entered  Syracuse  University, 
graduating  from  this  institution  in  1877.  His  career  as  a  seminary  and  as 
a  college  student  was  marked  by  unusual  scholarship.  In  the  college  cur- 
riculum his  favorite  studies  were  history,  mathematics  and  geology.  Dur- 
ing this  period  he  began  the  collection  of  an  herbarium,  and,  self  instructed, 
undertook  the  study  of  the  ferns.  He  also  gave  much  attention  to  ento- 
mology. 

At  the  time  of  his  graduation  ho  decided  to  enter  the  profession  of 
teaching  and  for  several  years  his  work  was  in  small  institutions  where 
he  was  comi>elkHl  to  instruct  in  a  wide  range  of  subjects.  In  1878  he  took 
his  master's  degree  at  Syracuse  University,  having  completed  a  year's 
graduate  work  in  addition  to  performing  the  arduous  duties  incident  to 
the  principalship  of  a  school  where  he  was  obliged  to  conduct  fourteen 
classes  a  day.  In  1878  and  1879  he  taught  natural  science  in  Cazenovia 
Seminary,  in  July  of  1878  he  imblished  his  first  botanical  paper,  a  list  of 
ferns  occurring  about  Syracuse,  N.  Y.  From  this  time  on  his  inclination 
to  specialize  in  botany  grew,  but  it  was  not  until  1880,  when  he  became 
professor  of  geology'  and  botany  at  the  Illinois  Wesleyan  University  at 
Bloomlngton,  that  he  had  opportunity  to  do  much  botanical  work. 

In  1881,  while  at  Bloomlngton,  he  published  his  manuscripts  on  ferns 
under  the  title  "Our  Native  T'ems  and  How  to  Study  Them."  This  publica- 
tion met  with  great  success,  the  sixth  edition  appearing  In  1900.  In  1883 
he  was  called  to  Syracuse  University  as  Instructor  In  geology,  zoology  and 
botany  and  three  years  later  was  made  professor — remaining  in  this  posi- 
tion until  1800  when  he  secured  a  year's  leave  of  absence  to  study  the 
collections  of  hepaticrs  In  Harvard  University.  While  in  Cambridge,  Mass., 
he  accepted  a  professorship  of  botany  at  DePauw  University.  This  posi- 
tion was  the  first  which  enabled  him  to  devote  his  time  to  botany  alone 
For  four  years,  until  1895,  he  enjoyed  at  DePauw  University  a  period  of 
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work  under  congenial  surroundini^s.  publishing  numerous  papers  on  the 
lower  groups  of  plants.  In  18%  he  left  DePauw  to  accept  the  professor- 
ship of  biology  in  the  Alabama  Polytechnic  Institute  at  Auburn.  After  one 
year  at  Auburn  he  became  professor  of  botany  in  Columbia  University  In 
July,  1896,  and  continued  in  this  position  the  remainder  of  his  life. 

Dr.  Underwood  was  a  member  of  the  original  committee  on  nomencla- 
ture at  the  Kochester  meeting  of  the  American  Association  in  1892  and  was 
selected  as  the  delegate  to  carry  the  report  of  the  American  botanists  on 
this  question  to  the  International  Botiinical  Congress  in  Genoa.  He  was 
one  of  the  vice-presidents  of  the  Genoa  Congress.  He  was  vice-president 
of  the  Botanical  Section  of  the  American  Association  at  the  New  York 
meeting  in  1894. 

At  Columbia  University  his  career  was  one  of  great  honor.  lie  was 
one  of  the  ten  l>otanists  elected  at  the  Madison  meeting  of  the  American 
Association  for  the  Advancement  of  Science  to  form  the  Botanical  Society 
of  America,  and  served  as  president  of  this  organization,  1899  to  1900. 
From  18aS  to  the  end  of  1902  he  was  editor  of  the  publications  of  the  Tor- 
rey  Botanical  Club.  He  was  associate  editor  of  the  North  American  Flora. 
He  was  a  member  of  the  Board  of  Scientific  Directors  of  the  New  York 
Botanical  Garden,  serving  as  chairman  since  1901.  Syracuse  University 
In  1006  c*onf erred  upon  him  the  degree  of  Doctor  of  Laws  in  recognition 
of  his  long  and  distinguished  scientific  service.  Dr.  TJnderwood's  published 
botanical  papers  and  texts  number  198  titles.  In  addition  he  was  the 
author  of  other  papers  on  zoology,  geology,  geneology  and  miscellaneous 
subjects.  (See  article  on  the  published  works  of  L.  M.  Underwood  by 
John  H€»ndley  Bamhart,  Bulletin  Torrey  Botanical  Club,  page  17,  January, 
1908.  > 

Dr.  Underwood  was  a  man  of  cheerful,  genial  disposition,  sympathetic 
nnd  belpful.  He  was  especially  kind  to  students  and  to  young  men  in  his 
profession  and  all  who  came  In  contact  with  him  were  impressed  with 
his  generosity  and  sincerity*.  He  had  rare  power  in  making  and  keeping 
friends  and  none  who  has  had  the  good  fortune  to  enjoy  his  acquaintance 
will  forget  the  charm  of  his  delightful  personality. 

In  1881  Dr.  Unden?i'ood  was  married  to  Miss  Marie  A.  Spurr.  By  this 
imlon  there  was  one  daughter  Miss  Helen  Willoughby  Underwood.  Dr. 
Underwood  is  survived  by  both  wife  and  daughter. 

Daring  his  residence  in  Indiana  Dr.  Underwood  took  a  lively  inter- 
est in  the  Indiana  Academy  of  Science,  contril)uting  many  valuable  papers 
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rei)ros€ntiiig  a  large  amount  of  research  work  preparatory  to  a  biological 
survey  of  the  State.  His  work  for  the  Academy  was  not  coufiued  to  the 
contribution  of  scientillc  pai>er3,  but  included  faithful  service  on  commit- 
tees and  aid  in  promoting  the  business  interests  of  the  organization. 
Furthermore  his  concern  for  the  Academy  was  maintained  throughout  his 
life  and  aft(?r  removal  from  the  State  Dr.  Underwood  was  ever  solicitous 
for  tlie  welfare  of  the  Indiana  Academy  of  Science.  In  the  untimely  death 
of  Dr.  I  nderwood  the  members>:  of  the  Academy  have  lost  a  valued  co- 
worker in  science  and  a  true  and  warm  hearted  friend  whose  memory  will 
always  be  held  in  most  tender  reiirard. 


(Note. — The  larger  i)art  of  the  data  used  in  the  above  sketch  was 
taken  from  "A  biographical  sketch  of  Lucien  Marcus  Underwood,  by  Carl- 
ton Clarence  Curtis,  liuUetin  Torrey,  Botanical  Club,  January,  1908.) 

LIST  OF  PAPIOKS  (X>i\TUIBUTED  BY  LUCIEN  M.  UNDERWOOD  TO 
THE  INDIANA  ACA1>EMY  OF  SCIENC^E  PROCEEDINGS. 

Proceedings,  1801 — 

The  Distribution  of  Tropical  Ferns  in  Peninsular  Florida,  pp.  83-89. 
Some  Additions  to  the  State  t'lora  from  Putnam  County,  pp.  89-92. 
Connecting  Forms  Among  tlie  Polyi>orold  Fungi,  by  title,  p.  92. 
Proceedings,  1892 — 

Marchantia  Polymorj>ha.  not  a  TypicJil  or  Representative  Livewort,  by 

title,  p.  41. 
A  State  Biological  Survey — A  SugKestion  for  Our  Spring  Meeting,  by 

title,  J).  48. 
The  Need  of  a  Large  Library  of  Reference  in  Crjrptogamic  Botany  in 

Indiana:   What  the  Colleges  Are  Doing  to  Sui>ply  the  Deficiency, 

by  title,  p.  49. 
Proceedings,  1803— 

Report  or  the  ))otani<'al  divisiiai  of  the  Indiana  State  biological  survey, 

pp.  13-19. 
Bibliography  of  Indiana  Botany.  i)p.  20-30. 
List  of  Crypt(»i;ams  at  i»rescnt  known  to    Inhabit  the  State  of  Indiana, 

pp.  3'Xh. 
Our  present   Knowledge  of  th-^  Distribution  of  Pteridophytes  in  Indi- 
ana, j)p.  2r»l-2.">8. 
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PnK'eedJngf*,  181M — 

Keport  of  the  botinilcal  division  of  tlu*  Indiana  State  biolojjieal  survey 

for  181H,  abstract,  p.  OG. 
Ad  increasing  pear  disease  in  Indiana,  abstract,  i).  (JT. 
The  variations  of  PolyiJorus  Lucidus,  abstract,  i).  132. 
The  proiK)sed  new  systematic  botany  of  Nortli  Amevica,  abstract,  p.  13.'{. 
Report  of  the  botanical  division  of  the  Indiana  State  liiolo^ical  survey 

for  IfelM.    With  list  of  additions  to  tlie  state  flora,  etc,  pp.  144-150. 
Proceedings,  1806— 

Additions  to  the  published  lists  of  Indiana  Cryiitotxams,  i)p.  171-172. 

RiSOLUTIONS     ON     THE     DeaTH    OF     LUCIEN     M.    UnDEHWOOD,    1\\.SSKD    BY     THE 

Indiana  Academy  of  Science,  in  Session  in   Indianapolis, 

November  29,  1907. 

WHtBEAS,  Liiclen  Marcus  I'liderwood  has  been  a  member  of  the  Indiana 
Academy  of  Science  and  during  his  residence  In  Indiana  took  a  lively  in- 
terest in  its  affairs  evidenced  by  notable  scientific  researches  and  con- 
tributions to  its  proceedings  as  well  as  by  faithful  services  as  a  member 
of  its  committees  and  help  in  promoting  the  business  interests  of  the 
Academy,  and  whereas,  he  maintained  this  Interest  In  the  affairs  of  the 
Academy  through  life  after  his  removal  from  the  State,  and  whereas, 
the  members  of  this  Acjidemy  held  Dr.  T-nderwood  In  tlio  highest  esteem 
as  a  true  and  warm-hearted  friend ; 

Be  It  Resolved,  That  in  his  untimely  death  November  IGth,  we  have 
lost  a  valued  co-worker  In  science  and  a  friend  whose  memory  will  always 
be  held  in  most  tender  regard.  Furthermore,  bo  it  resolve<l.  That  in  his 
death  America  has  lost  one  of  lier  foremost  naturalists,  a  botanist  who  has 
done  masterful  work  which  brought  him  the  highest  academic  honors  and 
marked  recognition  from  his  professional  contemporaries  everywhere.  It  Is 
further 

Reftolvedf  That  the  secretary  he  lnstruct(»d  to  spread  tliose  resolutions 
upon  the  minutes  of  the  Academy  and  that  a  copy  be  forwarded  to  the 
widow  and  daughter  of  Dr.  Underwood  with  wlioni  wo  sympathize  deeply 
in  their  great  bereavement. 

D.  M.  MOTTIER, 
JOHN  S.  WRIGHT, 
A.  W.  BUTLER, 

Committee. 
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The  History  and  Conteol  of  Sex. 


David  M.  MorriKR. 

The  student  of  sox  and  closely  related  problems  of  heredity  may  ra- 
tionally ask  himself  any  or  all  of  the  following  questions:  What  is  the 
signiticance  of  sex?  or,  in  other  words,  why  are  organisms  male  and  female? 
Is  the  sex  of  the  ori^anlsm  determined  during  the  early  develc^ment  of  the 
individual?  or  is  it  predetermined  in  the  germ  cells?  If  the  former,  what 
conditions  of  the  environment  are  favorable  to  the  development  of  males 
and  what  to  females?  If  the  latter,  what  is  it  in  the  gametes  or  sex-cells 
that  predetermines  lualeness  or  femalenessV 

As  in  tlie  establishment  of  the  doctrine  of  sexuality  itself,  these  ques- 
tions can  be  answered  by  exi>eriment  only  and  by  the  microsc<^lc  investiga- 
tion of  the  germ  cells  and  the  manner  of  their  development.  As  an  Intro- 
duction to  what  I  shall  have  to  say  in  this  paper  concerning  sex  control.  I 
desire  to  i)oiiit  out  briefly  those  lines  of  study  which  seem  to  me  to  have 
been  most  effective  in  establishing  the  doctrine  of  sexuality  in  plants;  for 
it  will  be  seen  that  the  lines  of  investigation  which  established  the  theory 
of  sex  are  similar  to  those  that  are  yielding  the  most  fruitful  results  in 
the  study  of  the  more  difficult  hereditary  problems  of  the  present  day. 

When  in  the  history  of  civilized  or  semi-civilized  man,  the  Idea  arose 
that  plants  possess  sex.  no  one  can  tell  or  i)erhaps  Imagine.  Before  the 
days  of  written  history  the  old  Arabs  of  the  desert  knew  that  certain  palm 
trees  produced  fruit,  while  others  did  not,  and,  in  order  that  the  fruit 
might  develop  abundantly,  it  was  necessary  to  bring  the  flowers  of  the 
sterile  tre<?s  and  hang  them  ui)on  the  branches  of  those  which  bore  the 
fruit.  It  is  evident  that  they  also  practiced  the  oaprifieation  of  the  fig, 
using  the  same  methods  employed  at  the  present  time  In  the  flg-growlng 
localitie.s  alon;j:  the  M«Mliterranean.  for  we  read  in  Herodotus  who,  in  speak- 
ing of  the  Babylonians,  states  that,  "The  natives  tie  the  fruit  of  the  male 
palms,  as  they  are  csilU^d  by  the  Greeks,  to  the  brandies  of  the  date-bearing 
pahn.  to  let  the  gall-tly  enter  the  dates  and  rii)en  them,  and  to  prevent  the 
fruit  falling  off.    The  male  palms,  like  the  wild  fig  trees,  have  usually  the 
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Kall-fly  In  their  fruit."  Herodotus  was  in  error  in  regard  to  tlie  presenc-e 
of  the  gall  fly  in  the  palm,  and  it  is  said  that  Theophrastus  was  the  first 
to  point  out  the  inaccuracy  in  the  statement.  This  brilliant  and  gifted 
pupil  of  Aristotle  was  probably  the  foremost  of  all  ancient  botanists,  for, 
it  is  said,  he  knew  six  hundred  plants.  The  ideas  of  Theophrastus  upon 
this  subject  seemeil  to  ba  more  detinite  than  those  of  his  great  teacher.  He 
regards  the  palm  and  tf^rebinths  as  being  some  male  and  some  female,  for 
*'it  is  certain,"  he  says,  "that  among  plants  of  the  same  species  some  produce 
flowers  and  some  do  not;  male  palms,  for  instance,  bear  flowers,  the  female 
only  fruit.*'  l^et  it  l>e  borne  in  mind  here  that  neither  Theophrastus  nor 
the  botanists  of  the  KJth  and  17th  centuries  consideretl  the  rudiment  of 
the  fruit  to  be  a  part  of  the  flower.  Theophrastus  probably  added  very 
little  to  the  knowledge  of  sexuality  in  plants  which  had  been  handed  down 
to  him  either  in  the  form  of  tradition  or  through  the  scanty  writings 
upon  natural  history.  That  he  seemed  to  have  made  no  observations  upon 
the  subject,  but  to  have  relied  in  a  large  measure  upon  lieresay,  is  ap- 
parent from  the  following:  "What  men  say  that  the  fruit  of  the  female 
date-palm  does  not  jK^rfect  itself  unless  the  blossom  of  the  male  with  its 
dust  is  shaken  over  It,  is  indeed  wonderful,  but  it  resembles  the  capriflcation 
of  the  flg,  and  It  might  almost  be  concluded  that  the  female  plant  is  not 
by  Itself  sufllcient  for  the  perfecting  of  the  foetus."  In  the  time  of  Pliny, 
this  idea  of  sexual  difference  in  plants  had  been  pretty  well  confirmed  in 
the  minds  of  educated  men.  In  his  "Historia  Mundi,"  in  describing  the  re- 
lation between  the  male  and  female  date-palm,  Pliny  calls  the  pollen-dust 
the  material  of  fertilization,  and  says  that  naturalists  tell  us  that  all  trees 
and  even  herbs  have  the  two  sexes. 

Now  while  the  ancients  had  some  notion  of  sex  in  plants,  their  ideas 
were  based  chiefly  upon  certain  apparent  analogies  with  animals.  It  must 
be  borne  in  mind  that  whilst  the  ancients  attributtni  to  the  pollen  the  power 
of  fertilization,  they  had  no  notion  that  this  fertilization  was  anything 
forther  than  some  unexplained  subtile  influence  of  the  flower  dust  upon 
the  fruit.  However,  ve  should  wonder  only  at  how  much  they  knew  in 
the  days  of  Herodotus  and  Theo[>hrastus  as  compared  with  tlie  progress 
of  knowledge  made  along  this  Une  during  the  following  two  thousand 
years:  for  the  time  from  Aristotle  to  the  discovery  of  the  cell  by  Robert 
Hooke,  the  publication  of  the  great  works  on  anatomy  by  Malpighl  and 
Grew,  and  the  experiments  of  Camerarius  in  the  latter  part  of  the  17th 
oentiiry,  was  a  lapse  of  long  and  dreary  centuries  in  the  history  of  science. 
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This  was  not  I>e<au80  thero  were  u(»  men  wiliing  to  devote  their  time  to 
natural  history,  but  chiefly  iMcauso  of  the  attitude  of  mind  which  de- 
manded that  problems  arising  be  not  solved  by  observation  and  experi- 
ment, but  by  the  process  of  deductions  from  the  authorities.  The  ques- 
tion was  not,  what  do  the  observed  facts  teach?  but,  how  are  they  to  be 
interpreted  from  what  Aristotle  says? 

The  improvement  of  the  microscope  and  tlie  extensive  studies  on  the 
minute  anatomy  of  plants  did  not  bring  the  resulb*  that  might  have  been 
reasonably  exi)C»cted.  In  spite  of  his  excellent  work  on  the  anatomy  of 
plants,  Grew  seemed  to  have  been  unable  to  gain  any  true*  insight  into  the 
structure  and  function  of  pollen.  He  did  not  even  consider  the  stamens  as 
the  so-called  male  members  of  the  flower,  speaking  of  them  only  as  the 
attire,  but  he  records  a  conversation  with  an  otherwise  unknown  botanist. 
Sir  Thomas  Millington,  who  was  probably  the  first  person  to  claim  for  the 
stamens  the  character  of  male  organs.  I  quote  from  the  "Anatomy  of 
Plants"  (chap.  V,  sees.  3  and  4,  page  171)  :  **In  discourse  hereof  with  our 
learned  Savilian  professor.  Sir  Thomas  Millington,  lie  told  me  he  conceived 
that  the  attire  doth  serve  as  the  male  for  the  generation  of  tlie  seed.  I 
immediately  replied  that  1  was  of  the  same  opinion  and  gave  him  some  rea- 
sons for  it  and  answered  some  objections  which  might  oppose  them.'*  But 
liow  badly  Grew  must  have  been  confused  in  the  matter  may  l>e  seen  from 
h'.s  description  of  the  florets  in  the  head  of  certain  Compositio.  He  re- 
garded the  style  and  stigma  of  the  floral  attire  as  a  portion  of  the  male 
organ,  speaking  of  the  small  globulets  (pollen  grains)  in  the  thecae  (an- 
thers) of  the  seedlike  attire  as  a  vegetable  sperm  which  falls  upon  the  seed 
case  and  so  "touches  it  with  a  prolific*  virtue."  Grew  could  conceive  of  sex 
in  ^jjants  only  in  the  form  of  certain  apparent  analogies  with  animals.  He 
reasoned  that  the  same  plant  may  be  both  male  and  female,  because  snails 
and  some  otlior  animals  are  so  constituted,  but  to  conqMete  the  similarity 
between  the  j)lant  and  the  animal  would  reiiuire  that  tlie  plant  should  not 
only  resemble  the  animal,  but  should  actually  be  one.  Down  to  the  year 
KJOl.  about  all  that  was  known  concerning  the  sexuality  hi  plants  was  eom- 
[)iisfHl  in  the  facts  rehited  by  Theoi>hrastus  for  the  date-palm  and  the  tere- 
binth, and  in  the  conjectures  of  Millington,  Grew  and  others,  while  Mal- 
pighis  views  in  opposition  to  these  authors  were  considered  equally  w^ll 
founded. 

Th(»  d(K'trinc  of  sexuality  in  plants  could  only  l>e  raised  to  the  rank 
of  scientific  fact  by  exi)criment.     It  was  necessary  to  show  that  no  seed 
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(.-apable  of  i^rmination  could  l»e  formed  without  the  aid  of  i>olleu,  and  all 
historic  records  concur  in  proving  that  Rudolph  Jacob  Camerarius  was  the 
rtrst  to  attempt  to  solve  the  problem  in  this  way.  Dioecious  plants  were 
«ultivat«l  apart  from  each  other,  but  no  i)erfect  seeds  were  formed.  He 
removed  the  stamens  from  the  flowers  of  the  castor  oil  plant  and  the 
stigmas  from  maize,  with  the  result  tiiat  no  seeds  were  set  in  the  castor 
<»il  i)]ant,  and  in  the  place  of  grains  of  corn  only  empty  husks  were  to  l)e 
set»n.  The  results  of  Camerarius  were  puhlished  in  1691-94.  At  this  time 
the  authority  of  the  ancients  was  so  great  that  Camerarius  thought  it  neces- 
sary to  insist  that  the  views  of  Aristotle  and  Theophrastus  were  not  op- 
lK)sed  to  the  sexual  theory.  Amom?  the  few  exi)erimeuts  carried  out  in  the 
next  fifty  years  were  those  of  the  Governor  of  Pennsylvania,  James  Jjogau, 
an  Irishman  by  birth.  F^'^an  experimented  with  some  plants  of  maize. 
llK)n  a  cob  from  which  he  removed  some  of  the  stigmas,  or  silks,  he  found 
as  many  grains  as  there  were  stigmas  remaining.  One  cob  which  was 
wi'apped  in  muslin  before  the  silks  ai)peared,  pr<)duce<l  no  kernels.  In  1751, 
(fleditsch,  director  of  the  botanic  garden  in  Berlin,  had  been  told  that  a 
date  palm  eighty  years  old,  which  had  been  brought  from  Africa,  never 
bore  fruit.  As  there  was  no  staminate  tree  ot  the  species  in  Berlin.  (Jled- 
itsch  ordered  pollen  sent  from  I^eipzig.  The  journey  required  nine  days, 
and  although  Gleditsch  thought  the  pollen  spoiled,  the  male  inflorescence 
was  hung  upon  the  Berlin  tree,  with  the  result  that  seeds  were  set  which 
germinated  in  the  following  spring. 

The  century  following  the  discovery  of  Camerarius  was  characterizeil 
by  two  lines  of  Investigation  which,  more  than  any  other  activity  of  bot- 
anists, led  to  the  complete  establishment  of  the  sexual  theory.  I  refer  to 
the  refutation  of  the  old  theory  of  evolution  together  with  the  birth  of  the 
doctrine  of  epigenesis,  and  the  discovery  of  hybridization ;  the  first  of  these 
iMMiig  the  outcome  of  ndcroscoplc  studies,  and  the  latter  that  of  experimen- 
tation. It  may  be  said  In  this  connection  that  the  history  of  biological 
science  teaches  that  the  greatest  and  the  most  substantial  progress  has 
been  made  where  the  studies  of  the  morphologist  and  of  the  experimenter 
l»ave  gone  on  side  by  side,  the  one  serving  as  a  control  upon  the  other. 
Acfrording  to  the  old  theory  of  evoluti(»n,  or  the  inclusion  theory,  that  the 
gi^m  in  every  seed,  for  example,  contained  all  the  parts  of  the  organism, 
and  that  this  germ  enclosed  a  similar  one  in  miniature,  and  so  on.  like  a 
bo\  within  a  box.  This  view  of  the  Inclusion  of  germ  within  germ  was 
very  prevalent  in  the  18th  century,  and  Kaspar  Friodrich  Wolf  (1759)  has 
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been  given  the  credit  of  refutinir  it.  Wolf,  in  his  doctor^s  thesis  on  the 
"Theory  of  (leneratiou,"  maintained  that  the  embryo  and  organs  of  a  plant 
develop  not  by  the  unfolding  of  parts  already  present  in  miniature,  but 
tl^at  they  grew  out  of  imdifferentiated  rudiments,  the  theory  of  epigenesis. 
However,  Wolf's  arguments  were  far  from  convincing,  as  he  held  that  the 
act  of  fertilization  was  merely  another  form  of  nutrition. 

About  the  same  time  experiments  in  hybridization  were  being  carried 
on  by  several  investigators,  and  the  results  obtained  supplied  much  more 
convincing  proof  against  the  old  thec^ry  of  evolution.  ^Vmong  the  fore- 
most men  in  this  held  were  (iottlieb  Koelreuter  and  Christian  Konrad 
Sprongel.  While  KdI renter  brought  together  many  important  observations 
on  the  sexuality  of  plants,  yet  liis  greatest  service  consisted  in  the  produc- 
tion of  hybrids.  In  this  conne(!tlon  it  may  l)e  of  interest  to  note  that  his 
first  liybrids  were  produced  between  two  species  of  tobacco  plants.  Nico- 
tiona  panicum  and  N.  riistica.  What  he  accomplished  did  not  require  be- 
ing changed,  but  when  combined  with  later  observations  has  been  used  in 
the  discovery  of  general  principles  of  hybridization.  His  work  seems  to 
belong  to  our  time.  Koelreuter  showed  that  (mly  closely  allied  plants,  and 
not  always  these,  were  capable  of  iiroduclng  hybrids,  and  that  the  mingling 
of  parental  characters  in  the  hybrid  was  tlie  best  refutation  of  the  theory 
of  evolution.  It  was  no  easy  matter  to  place  the  projKjr  estimate  upon  the 
value  of  the  contributions  of  tliis  gifte<i  observer.  The  ci^llectors  of  the 
Linnaeau  school,  as  well  as  the  true  systematists  at  the  close  of  the  18th 
century,  wlio  wielded  a  i>owerfnl  influence  upon  botanical  thought  had  lit- 
tle understanding  for  such  labors  as  Koel renter's,  and  Incorrect  ideas  of 
hybrids  prevailed  in  spite  of  botanical  literature.  Hybrids  were  also  incon- 
venient for  the  believers  in  the  constancy  of  siK>cies. 

Koelreuter's  studies  were  not  contined  to  hybridization  alone,  for  he  di- 
rects attention  to  the  natural  way  of  the  transfer  of  imllen  from  stamen 
to  stigma,  ixniig  the  lirst  to  recognize  the  agency  of  Insects.  He  studied 
l)ollen  grains,  showing  that  fertilization  followed  pollenation  in  the  ab- 
s'^ncc  of  liglit.  and  reje<tiMl  the  idea  tliat  the  pollen  grain  passed  bodily 
into  the  ovary.  With  the  niicroscoi>e,  however,  h(»  was  less  skillful  than 
as  an  exiK>rimentcr.  for  he  supposed  the  pollen  grain  to  be  solid  tissue,  and 
the  fcrtilizln::  substance  to  l>e  oil  which  adheres  to  the  outside  of  the  grain 
and  linds  Its  way  to  tlio  ovule.  The  pollen  tube  had  not  been  discovered* 
although  the  time  was  one*  hun<lreil  years  after  the  discovery  of  the  cell 
by  Kobert  IIor)ke. 


33 

As  CaiuerarUiM  flrst  provinl  the  sexuality  of  phuits.  and  Koelreuter 
8liowe<l  that  different  sixvies  can  unite  sexuailly  to  products  liybrids,  so 
Sprerigel  demonstrated  that  a  I'ertain  Ivind  of  hybridization  was  very  com- 
mon in  the  vegetaible  liingdom.  namely  the  crossing  of  flowers  of  different 
individuals  of  tlie  same  speiries.  To  him  belongs  the  credit  for  having  first 
shown  the  part  played  l)y  inw»cts  in  cross  pollenation,  and  ])ointiug  out  tlie 
correlation  between  such  proiK?rties  of  the  flower  as  color,  odor,  nectar, 
speolai  forms  and  markings,  and  so  forth,  and  the  visiting  insects. 

Karl  Friedericlf  Oaertner,  son  of  Joseph  Gaertner,  tm)k  up  tlie  work  so 
ably  l)egun  by  Koelreuter,  and  greatly  extiMided  the  knowledge  of  hybridi- 
zation, having  ke|»t  accurate  account  of  nlnt»  thousand  experiments.  His 
work  was  published  in  1849.  Sachs  states  that  "These  observations  once 
more  conflrmeil  the  existence  of  the  sexuality  in  i)lants,  and  in  such  a 
manner  that  it  couid  never  again  be  disputtnl.  When  facts  were  observed 
in  18*X),  which  led  to  tlie  presumption  that  under  certain  circumstances  in 
certain  individuals  of  some  siK^cies  of  plants,  the  female  organs  might  pro- 
duce embryos  capable  of  development  without  the  help  of  the  male,  there 
was  no  thought  of  using  these  cases  of  supi)osed  parthenogenesis  to  dis- 
prove the  existence  of  sexuality  as  the  general  rule;  men  were  concerned 
only  to  verify  first  of  all  the  occurrence  of  the  phenomena,  and  then  to 
see  how  tliey  were  to  l>e  reasonably  understood  side  by  side  with  the  ex- 
isting ideas  of  sexuality."  Gaertner's  experiments  were  conducted  at 
<;iaw,  in  Wurtemberg,  the  place  in  which  ivoelreuter  carritnl  on  his  studies; 
Camerarius  worked  in  Tttblngen. 

While  the  exi>erimenters  in  hybridization  were  at  work,  the  student 
^'itli  the  microscoi)e  was  no  less  busy.  In  1828,  Amlci  dis(!overed  the  iM>Ilcn 
tube  in  the  stigma,  and  tlie  fact  was  confirmed  by  others.  In  1830.  the 
Kxime  observer  traced  the  iK)llen  tube  into  the  ovule.  Schleiden  and 
Sehacht  now  came  forward  with  their  erroneous  theory  of  the  formation 
<jf  the  embyro  in  the  seed.  They  maintained  that  the  embyro  develops 
from  the  end  of  the  i)ollen  tube  after  the  latter  enters  the  ovule.  It  is 
el€»nr  that  this  doctrine  would  do  away  with  the  essential  iK>int  in  the 
SMixuality  of  plants,  for  the  ovule  would  Ik»  regarded  merely  as  an  incu- 
bator for  the  embyro.  Amici.  in  184(>,  brou^^ht  forth  decisive  proof  for  the 
\-iew  he  had  maintained,  namely,  that  the  embryo  arises  not  from  the  end 
of  the  pollen  tube,  but  from  a  ix»rtion  of  the  ovuU?  which  already  existed 
Uc'fore  fertilization,  and  that  this  part  is  fertilized  by  a  fluid  contained  in 

I»— 181021 


/ 


34 

tho  polleu  tube.  The  correctness  of  this  view  was  couflrmed  tbe  foUowiug 
year  by  von  Mohl  and  llotiiieister,  tbe  bitter  of  whom  described  tbe  poiuts 
in  detail  wbicJi  decided  tbe  question,  and  illustrated  them  with  beautiful 
figures. 

Following  tbe  publication  of  Amici,  a  vehement  controversy  arose  be- 
tween tbe  adherents  of  the  views  ot  Schleideu  and  those  of  Amici.  A  priw? 
offered  by  the  Institute  of  tbe  Netlierlands  at  Amsterdam  was  awarded  to 
an  essay  by  Schacbt  in  1850,  which  defended  Schleideu*s  theory,  and  illus- 
trated it  by  a  number  of  drawuigs  giving  both  incorrect  and  inconceivable 
representations  of  tlie  decisive  points.  In  this  case  the  prize  essay  was  re- 
futed before  it  appeared,  by  von  Mohl,  llofmeister  and  Tulasne.  Von  MohFs 
words  uttered  in  3 803  in  regard  to  the  value  of  prize  essays  are  so  fitting 
at  the  present  day  that  1  can  not  refrain  from  quoting.  He  said :  "Now 
that  we  know  that  Scbleiden's  doctrine  was  an  illusion,  it  is  instructiye, 
but  at  the  same  time  sad,  to  see  how  ready  men  were  to  accept  the  f^dse 
for  the  true;  some,  renouncing  all  observation  of  their  own,  dressed  up 
tbe  phantom  in  theoretical  ])rincii)les ;  others  with  the  microscope  iu  hand, 
but  led  astray  by  their  preconceptions,  believed  that  they  saw  what  tbey 
could  not  have  seen,  and  endeavored  to  exhibit  the  correctness  of  ScWel- 
den'8  notions  as  raised  above  ail  doubt  by  the  aid  of  hundreds  of  figures, 
whicli  bad  everything  but  truth  to  recommend  them ;  and  how  an  academy 
by  rewarding  sucli  work  gave  fresh  continuation  to  an  experience  which 
had  bcc'i  rejKnitedly  made  good  csi)ecially  in  our  own  subject  during  many 
years  i>ast.  namely,  that  prize?  essays  are  little  adapted  to  contribute  to 
the  solution  of  a  doubtful  question  in  science/' 

The  discovery  of  the  sexual  process  in  cryptogams  by  Thuret,  Prings- 
heim  and  otluirs  followed  within  four  oi'  five  years  after  the  complete 
estahlishnicnt  of  that  process  in  the  higher  plants.  It  seems  strange  to 
us  now  that  a  phenomenon  so  easy  of  ob.scrvation  was  not  discovered  un- 
til its  occurrence  had  been  <<>jnplctoly  demonstrated  in  organisms  present- 
ing the  greatest  difiiculties  to  its  investigation.  However,  it  is  of  inter- 
est to  recall  that  just  thirty- 1  wo  years  ago  Strasburger  traced  the  essen- 
tial <onstitiients  of  the  nucleus  in  unbroken  so<iucn<'e  from  one  cell  genera- 
tion TO  another,  thus  establishing  for  tho  nucleus  tbe  rank  of  morphologi- 
cal unity:  and  just  thirty-two  years  atro  also  Oscjir  llertwig  showed  that 
fertilization  consists  essentially  in  the  union  of  the  two  gamete  nuclei. 
It  only  remained  now  for  later  studies  on  the  cell  to  confirm  and  to  estib- 
lish  the  doctrine  that  the  nucleus  is  the  bearer  of  the  heredity  characters. 
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With  this  is  view,  we  are  now  ready  to  consider  some  of  the  modem 
pliasos  of  our  subject. 

Any  effort  to  tnice  the  development  of  the  sexual  prwess  with  all  cor- 
related phenomena  would  lead  us  into  an  overwhelming  mass  of  details. 
CJonseqnently,  I  shall  merely  recall  that  amonj?  the  lowest  plants  sexuality 
does  not  exist,  and  that,  in  the  simplest  plants  with  a  sexual  procress,  the 
sex  cells,  or  gametes,  are  scarcely  to  he  dlstlnguisheil  from  the  non- 
sexual reproductive  cells.  The  conclusion  Is  that  gametes  were  originally 
derived  from  a  sexual  propagative  cells.  There  is  accordingly  no  dififeren- 
tiation  into  male  and  female.  The  life  cycle  of  these  simple  sexual  plants 
is  also  simple,  and  It  is  reasonable  to  suppose  that  a  corresponding  degree 
of  differentiation  obtains  In  the  chromatin  or  here<iitary  substances  of  tne 
sex  cells.  As  we  ascend  in  the  scale  of  evolution  toward  higher  and  more 
complex  organisms,  we  find  a  corresponding  differentiation  In  all  struc- 
tures and  functions,  and  may  we  not  assume  also  that  the  hereditary  sub- 
stance, or  germ  plasm,  is  likewise  sp€K?lalized  and  differentiated?  There- 
fore, sex  is  the  expression  of  a  very  fundamental  sort  of  division  of  labor. 
I  do  not  mean  by  that  a  division  of  lal>or  which  Is  of  a  secondary  nature 
such  as  man  has  ascribed  to  the  individuals  of  his  own  species,  but  that 
of  n  purely  liereditary  character — or  may  I  say  maleness  and  femaleness 
111  the  broadest  and  most  fundamental  sense. 

l^.ow  then  did  sex  come  about?  And  what  is  It  that  determines  that 
one  Individual  or  member  of  a  life  cycle  will  be  male  and  another  female? 
To  aslc  such  questions  fifty  or  even  twenty-five  years  ago  might  have  been 
re^rded  as  visionary.  Not  so  today.  Considered  from  the  botanical  stand- 
poiut.  the  problem  of  sex  determination  has  to  deal  with  a  certain  category 
of  phenomena  that  are  in  many  respects  fundamentally  different  from  those 
presented  by  animals.  In  plants  in  which  s(»x  differentiation  Is  well  defined, 
there  is  In  every  complete  life  cycle  two  phases  known  as  the  sexual  and  the 
asexual,  or  gametophyte  and  sporophyte.  The  sporophyte  springs  from  the 
fertilized  efig  or  the  union  of  sex  cells.  This  si>oroph>'te  in  turn  bears 
spores  whicji  give  rise  to  gametophytes.  This  may  bo  made  clear  by  means 
of  an  example  such  as  the  fern.  The  spores  borne  on  the  leaves  of  the  fern 
do  not  produce  directly  new  ferns,  but  very  small  plants  known  as  pro- 
thallia,  which  in  tlie  simpler  ferns  are  lndei)endent  and  self-nourlslilng  in- 
dividuals. The  prothallia  are  the  sexual  plants.  Thoy  bear  the  sex  or- 
gans, which  is  turn  produce  eggs  and  sperms.  The  prothallia  may  be 
either  purely  male  or  female  or  hermaphrodlt**.    When  the  egf:  is  fertilized 
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it  develops  Ininiediatoly  into  tlie  sporoplij-te,  or  what  we  coinmonl.v  know  as 
tlie  fern.  I'hus  the  s»*xiial  i>lant.  or  ^rrunetopliyte  (female  gainetophyte) 
not  only  i)nHUK-es  the  sex  organs,  hut  serves  as  the  incubator  and  brooder 
for  the  young  sporoi)liyte.  I'lie  life-eycle  of  the  higliest  plants  such  as 
trees  and  sunflowers  consists  also  of  these  two  generations,  but  the  rela- 
tive size  and  mutual  r**lation  of  si>oropliytr  an<i  gametophyte  are  different 
in  the  higher  plants.  For  example,  the  l)eeeh  tree  is  the  sporoplij-te.  the 
gametophyte  l)eing  the  ])ollen  tube  and  th(?  emliryosac  of  the  undeveloped 
seed.  Here  the  reverse  condition  ]>revall8  as  regards  the  mutual  n»lation 
of  sporophyte  and  tjametophyte  to  that  in  the  fern,  namely,  the  siwrophyte 
nourishes  the  young  siK>r(»])hyt(»  as  well  as  both  gametophytes. 

Now,  we  are  in  the  habit  of  speaking  of  male  and  female  flowers 
awording  as  they  are  wholly  staminate  or  pistillate,  and  the  plant  that 
bears  only  staminate  flowers  we  call  male,  while  the  one  l>earing  only  pis- 
tillate flowers  is  dt»8ignate<l  as  the  female  individual.  However,  in  the 
strict  morphological  sense  the  sporophyte  is  without  sex.  hence  trees  can 
be  neither  male  nor  female,  and  to  avoid  trouble  and  useless  discussion, 
it  is  doubtless  l)etter  to  sjwak  of  staminate  and  [distillate  trecw;  for  we 
shall  see  that  the  sex  of  any  complete  life-cycle  is  determined  and  fixed  in 
the  germ  cells.  From  the  foregoing  It  is  quite  clear  that  in  the  animal 
kingdom,  apart  from  one  or  two  cell  generations,  there  is  nothing  in  the 
life-history  that  Is  C(miparable  to  sjmrophyte  and  gametophyte. 

We  are  now  ready  to  answer  the  question,  upon  what  does  the  differ- 
entiation into  gametophyte  and  sporophyte  dei>endV  Our  explanation  of 
this  doctrine  is  based  upon  the  theory  of  the  hereditary  substance.  Doubt- 
less nearly  all  biologists  c<mcur  in  the  view  that  the  hereditary  charac- 
ters are  borne  by  a  subsiance  in  the  nucleus  of  the  ct»l I  called  chromatin. 
When  the  ini(»leus  divides  the  chromatin  differentiates  into  a  definite  nura- 
bi^r  of  pie»"<»s  kTlo\^n  as  chromosomes.  The  number  of  chromosomes  is 
always  constant  for  th<'  rcprodu<tive  cells  of  any  si)ecies.  In  all  the  cells 
of  the  sporoi)hyte  of  any  plant,  which  lie  in  the  germ  tract,  there  are,  let 
us  s;iy.  a  definite  nunil)(»r  of  chromosomes  designated  by  n.  During  the  for- 
mation of  s[)on's.  however,  tin*  number  is  reduced  to  one-half,  or  »». 
Now  each  si>ore  has  n,  chromosomes,  and  the  cells  of  the  gametophyte  re- 
sulting tlKTefnni  will  possess  ti,  chronu)somcs :  cons^Hpiently  the  egg  and 
the  sr>^rni  will  have  each  ;/..  chromosomes.  It  is  apparent  tliat  when  egg 
and  sperm  unite,  the  fecundat<'d  cijg  and  the  individual  arising  from  It 
will  contain  ti.  i>lus  »,.  or  ti  chromosomes. 


The  nioi>t  fuiidtimentiil  <11frer(>n<-e  between  nporophyte  iinil  Knmetnphj'te 
lies  In  the  fart  tliat  the  latter  [konxetu*  Just  one-half  us  mnny  chromosomes 
as  the  fornier.  rtils  herMltnrj  differeni'e  l)etween  simrophyte  iind  Knmeto- 
I)hjrte  and  the  chattge  which  brIiigH  about  tlie  trniiRltlnii  may  be  innilc  clear 
by  means  of  the  tolloulite  IlKiire.  showlii);  (llnsrnmntk'ully  the  behavior  of 
the  chromatin.  Fig.  1  lUiiHtrntefi  the  bpharlor  of  the  <-hromatln  hi  an  ordi- 
nary v^etntlvc  cell.  Here  the  cbroiiiatlii  xetznieiita  iwsslng  Into  the  new 
nude)  are  formed  by  a  loiitrltudlniil  fission  of  a  slnjtle  chromosome — an 
equatloual  division,  in  FIk.  2.  a  to  /.  is  xhowii  the  flrxt  or  reducing  dlvl- 
wion  In  fipore  mother  cells.  Oiie.half  iif  the  somatic  chroinosonied  pass  to 
one  of  the  dnutchter  nuclei  and  the  otlirr  half  tr>  ttic  other.  thiiH  brlnKlng 
about^  the  rednctlon  of  tlie  iiiimlH-r.  The  WH-oud  division  In  the  spore 
mother  ■-■ell  Iti  to  h  Is  equatlonal. 


FIk-  !■     DlkKr>aiB  ■hoirlnc  th«  bebkyior  of 
BltOBls.  a.  nueleuilnrMtlnecandiClon.ihowinKch 
irltfatD  the  llnln  network  and  ■  nucleolus,  b.  the  chi 
■plit  loncltadluklir.  c.  the  aplrem  hsi  segmented  ii 


during  >n  ordinary  somatic 
latin  distributed  in  imall  aruiules 
■tin  Bpirem  has  formed  and  it  has 
'liTOtnosomeq.  e.  g..  eighL  d.  spin- 
ui  Bed  in  the  equatorial  pi  at«.  r.  anaphasi';  dauKhterchromo 
iDmes  movlnc  toward  ths  poles  of  the  spindle.  /.  dauKhter  nuclei,  earh  contsinlDC 
elcht  danrhter  ehromosoniea.  Sach  a  division  is  known  as  equatlonal,  since  the  two  re- 
MlUnK  naclel  are  hereditarily  alike. 

The  [wirallel  between  idantH  and  anlnialH  is  found  In  tlii' 
of  th5  rediiceil  nnntber  of  chnmiosomes  in  the  acx-ctll!'.  wlIU  tll^^ 
■hat  In  higher  iilantit  the  retlni-tlon  in  llu'  numU'r  »('  tlic  chi-oi 
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curs  when  the  spores  are  formed,  which  may  be  many  thousands  of  cell 
^generations  removed  from  the  time  in  ontogeny  when  eggs  and  si>erms  are 
diflfereutiated ;  whiJe  in  animals  the  reduction  immediately  precedes  the 
formation  of  the  gametes.  In  regard  to  the  chromosomes  themselves,  the 
view  generally  i)revniling  is  that  each  possess  a  distinct  identity  or  Indi- 
viduality which  is  maintained  throughout  ontogeny,  and  phenomena  per- 
taining thereto  have  bt»en  presented  under  the  theory  of  the  individuality 
of  the  chromosomes.  Very  recently,  however,  the  idea  of  individuality  has 
been  taken  away  from  the  chromosomes  and  applied  to  smaller  units,  such 
as  the  chromomeres.  or  l)ctter  the  microscopically  distinguishable  granules 
which  make  up  the  chromomeres.  We  may  call  these  particles  x)angens, 
or  select  any  name  which  may  be  convenient  and  likely  of  adoption.  The 
writer  has  expressed  his  views  on  this  subject  in  greater  detail  in  a  recent 
publication,  and  only  a  few  l>rief  statements  will  be  made  here,  in  as  much 
as  a  fuller  discussion  Is  regarded  as  being  too  technical  for  a  general  audi- 
ence. The  idea  of  individuality  is  applied  to  the  chromomeres  or  the  small 
particles  composing  them,  chiefly  because  the  identity  of  the  chromosome 
is  lost  in  the  restin  nucleus.  There  are  no  good  reasons  to  believe  that 
a  given  chromosome  always  contains  the  same  hereditary  qualities  in  any 
succession  of  cell  generations.  Furthermore,  no  si)eclal  importance  should 
be  attached  to  the  different  sixes  of  the  chromosomes,  for,  as  a  rule,  one 
of  the  most  striking  phenomena  in  a  dividing  nucleus  is  the  marked  differ- 
ence in  the  size  :,f  the  chromosomes.  These  small  material  particles,  or 
pangens,  are  responsible*  for  the  characters  of  the  individual,  although  they 
are  not  regarded  as  the  innnedlate  characters  themselves.  They  may  be 
roughly  compared  with  ferments,  bringing  about  changes  which  collectively 
constitute  development,  and  produc*^  those  chemical  re-arrangements  of 
which  form,  color,  and  so  forth,  are  the  visible  expression.  Fused  gamete 
nuclei,  however,  do  not  constitute  a  chemical  union  but  a  mechanical  mix- 
ture. The  numerhal  reduction  of  the  chromosomes  is  a  consequence  and 
a  condition  of  sexuality.  It  l«  pn»bably  not  a  mere  halving  of  the  bulk  of 
the  chronintln.  but  a  selection  and  a  distribution  between  daughter  cells  of 
structural  entities— the  primordia  of  characters  which  are  handed  from 
one  generation  to  another.  'I'hc  Mendel  Ian  principle  shows,  if  it  shows 
anything  worth  while,  that  thest»  units  act  independently.  The  nucleuR, 
therefore,  directs  and  controls  cellular  development.  The  outer  manifesta- 
tions known  as  variation  are  probably  due  to  the  inter  action  of  nuclens 
and  cytoj>lasm. 


heterotypic  mltosti.  a.  reatlos 
splrem  developed  trom  a; 
;.  BpireDi  bas  BeKmented  Into 
inn  the  four  bEvklent  ehromo- 
d  Id  the  splrem  of  b.  Just  ht  in 
alent  chromosomes  amiDRed 
I*  retreatlne  towards  the  poles 


nc.  I.    DlaiRBmi  llluatratltic  the  behavior  of 
tlon  dirialoni  la  a  ipore  mother  eell.     a—/,  flr 
nacleni.  isme  as  fn  Be-  1.    b.  Ion Bitndi nail y  split 
the  hklTes  of  the  splrem  are  twisted  apon  each  olhe 
eisfat  ohromoiomea  which  have  approiimsted  la  pairs  I 
MDiei.    These  elvht  ehromosomes  were  united  eDcl  to 
theordliurr  aomatle  mitosli.    li.  spindle  with  the  faui 
la  the  Bquktorlkl  plate.    «.  anaphase,  the  four  < 

of  the  apltidle.  Each  of  these  retreating  chromosomes  Is  now  more  clearly  seen  to  be 
eompoaed  of  two  halves  «hich  were  formed  by  the  lonEiludinal  spllttlne  In  b.  /.  dauEli- 
l«r  naelei  in  which  the  iplrems  will  be  formed  by  the  union  end  to  end  of  the  dauRhter 
iCKinentB.  This  is  the  diviitoo  In  which  the  number  of  chromosomes  is  reduced  to  one- 
half,  becaase  whole  ohromosomea  pass  to  each  dan  (hie  r  nucleus.  If  these  whole  ehromo- 
Mmes  are  different  in  hereditary  characters,  the  division  is  qualitative  or  differential, 
f— i.  seeoDd  or  homotyple  mitosis,  g.  spindle  shou-intc  the  four  chromosomes  arraneed 
!■  the  eqnatorial  plate:  the  free  ends  of  the  daughter  setrmeots  of  each  chromosome 
dlvercc  from  each  other.  A.  the  sssmenta  pasaiuE  to  the  poles  of  the  spindle,  i.  the 
tTand^daQshter  nnolAl  rcsaltlns  from  the  second  mitosis.  This  la  aoequaslonal  dlTlston, 
baeanse  It  consists  of  the  aeparation  of  half  chromosomes,  or  daiiKhter  segments,  formed 
by  the  lotitrltudlnal  fission  of  whole  chromosomes. 
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In  siK'akiiij;  of  sox.  let  us  bear  in  mind  that  among  l>otli  auimals  and 
planls  there  may  be  thrin*  kinds  of  individuals :  DiuiHrioiis  si>eeieH,  in  which 
tiie  iudividualH  are  unisexual,  either  male  or  female;  monoecious,  with 
bisexual  or  hermaphrodite  individuals;  and  I)artllenog^neti(^  in  which  in- 
dividuals produre  eggs  that  develop  without  fecimdation.  We  may  now  take 
ui»  the  question,  whetiier  the  sex  of  the  Individual  is  determined  by  fac- 
tors of  tlie  environment,  or  is  it  predetermine<l  in  the  chromatin  of  the 
sc»x  cells,  i.  e.,  in  either  sperm  or  egg  or  both?  Of  the  environmental  fac- 
tors, that  w^hich  is  supposed  to  play  the  most  important  role  is  nutrition, 
and  in  the  case  (»f  ])lants,  it  is  probably  the  only  one  that  need  be  consid- 
ered, for  other  Important  factors,  such  as  light  and  heat,  are  only  influ- 
ential in  so  far  as  they  af^'ect  nutriti(m.  But  we  should  also  understand 
that  we  have  two  sorts  or  two  categories  of  environmental  conditions.  In 
case  the  fecundated  egg  develops  wholly  apart  from  the  parental  body,  and 
as  a  completely  independent  individual,  its  supply  of  nourishment  Is  from 
the  external  world:  but  in  tliose  cascvs  in  which  the  ln(*ubatiou  of  the  fer- 
tilized egg  and  the  early  devel(»pment  of  the  embyro  take  place  within  tlie 
parental  boily,  the  food  sui>i»ly  will  dejiend  upon  the  condition  of  the  par- 
(»nt.  While  the  conditions  of  these  two  categories  seem  very  diflferent,  yet 
it  will  lH»  found  that  the  tlnal  results  are  essentially  the  same. 

For  the  sake  of  simplicity,  a  few  instances  from  tlie  animal  kingdom 
will  be  mentiomnl.  Exi)erim(Mits  ^vere  carrleil  on  by  Riley  and  others  to 
determine  whether  the  starving  of  caterpillars  of  butterfles  might  influence 
the  numb(»r  of  males  and  females.  f<^r  under  normal  conditions  of  nutri- 
tion the  caterpillars  pnxluce  both  malc^  and  femah^s.  and  because  it  is  not 
possible,  says  Ulley,  to  make  cater[»illars  take  more  food  than  they  do  nat- 
urally. The  results  of  the  exjieriments  showtnl  that  an  exwss  or  dimiua- 
tion  of  food  dcHHH  not  alter  the  proportion  of  the  si>xes.  IJjwn  this  i>oint 
Morgan  (Exp.  Z(M)1.,  ji.  IMl)  makes  the  following  statement:  **Tlie  futility 
of  many  of  th»'se  exi>eriuients  has  now  Ikm-ouic  api)arent,  since  it  has  l)eeu 
shown  that  the  sex  of  tlM»  caterpUhir  is  already  determlneil  when  It  leaves 
the  egg.  Viuh'r  these  ^-ircnmstanct^  it  Is  not  probable  that  feeding  could 
prof^iu'c  a  rhang»'  in  the  sex.  It  Is  much  inon»  probable  that  starvation  or 
overfeeding  eouhl  only  affect  the  ])ro]K)rtion  of  males  and  females  by  bring- 
ing about  a  greater  niortalit.x  of  the  individuals  of  one  sex.'*  Numerous 
studies  have  been  made  upon  the  silk  worm  by  Kellog  and  Bell,  and  by 
Cinieot  upon  tiles  and  moths,  lo  determine  the  influence  of  food  conditions 
upon  the  .sex  of  the  individual  and  upon  that  of  the  egg  and  sperm,  with 
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the  conclusion  that  the  sex  is  not  determined  by  external  conditions.  While 
the  preponderance  of  evidence  along  this  line  seems  to  argue  strongly 
against  any  influence  upon  sex-determination  by  food  conditions,  yet  there 
is  one  case,  that  of  Uydatena  senta  and  the  daphnid,  Simoct^phiilus.  investi- 
gated by  Nussbaum  and  others,  in  whicli  it  seemed  probable  that  food 
might  have  some  determining  infiuenci\  Maupas,  on  the  other  hand,  re- 
g:irded  temj^erature  and  not  food  as  the  influential  factor.  In  this  con- 
nection, the  studies  of  von  iMalsen  (Archiv.  f.  mikr.  Auat.,  G9:  (>:M)7,  1906.) 
upon  a  small  worm.  Dinophilns  apatris,  and  of  Issakowitsch  (Idem)  ui)on 
daphnids,  are  of  esi)ecial  interest,  ^'on  Malsen  found  that  a  higlier  tem- 
perature (2(r  C)  was  favorable  to  the  develoi)ment  of  males,  while  a  lower 
temperature  gave  an  increase<l  ratio  of  females.  lie  does  not  attribute  the 
change  in  the  sex  ratio  to  the  temi)erature  directly,  but  indirectly  as  affect- 
ing the  nutrition  of  the  animal.  The  amount  of  food  at  the  disposal  of 
the  animal  was  the  same,  but  at  tht  higher  temperature,  the  sexual  ac- 
tivity of  the  animal,  i.  e.,  the  rapidity  with  which  a  large  number  of  eggs 
was  produced,  was  abnorjnally  accelerated,  so  that  the  bodily  nutrition  was 
Insuflicient  for  the  jiroper  nourishment  of  the  eggs.  Conseiiuentiy,  at  a 
higher  tenux»rature  a  larger  number  of  eggs  are  produced,  and  among 
them  Is  a  proiwrtionately  lar^e  number  of  smaller  or  male  eggs.  At  a 
lower  temperature,  on  the  contrary,  reproductive  activity  was  slower,  and 
among  the  smaller  number  of  eggs  develoi>ed.  a  larger  ratio  of  well  nour- 
ished fenmle  ^gs  was  the  result.  There  was  more  time  for  the  develop- 
ment of  the.se  eggs,  and  consequently  more  food  placed  at  their  disposal. 
To  estimate  the  value  of  these  statements  it  Is  necessary  to  examine  the 
data  upon  which  the  conclusions  are  based.  The  number  of  eggs  considered 
and  the  sexual  ratio  in  the  warm  and  cool  cultures  are  shown  in  the  fol- 
lowing tables: 

NORMAL. 

yo.  of  Eggs.  Male.  t'emate.    Ratio  of  Male  :  Femalv. 

1140  327  813  1:2.4 

Numl»er  of  eggs  at  each  laying,  5.6. 

COOIi. 

So.  of  Effffa.  Male.  Female.     Ratio  of  Male  :  Female. 

3048  973  2975  1  : 3.5 

Number  of  eggs  at  each  laying.  4.2. 
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WARM. 

Ao.  of  Eggs.  Male.  I'^emaie.    Ratio  of  Male  : Female. 

1393  507  88G  1:3.7 

Number  of  eggs  at  each  laying,  3.6. 

At  the  higher  temperatures  it  commonly  liappened  that  the  eggs  were 
developed  so  rapidly  that  the  body  of  the  animal  was  entirely  filled  from 
one  end  to  the  other,  the  head  appearing  as  a  smallpoint,  the  intestine 
so  compres.sed  as  to  be  scarcely  visible.  In  this  condition  the  animal  is 
unable  to  move  and  soon  perishes.  At  the  higher  temperature,  therefore^ 
a  larger  number  of  eggs  are  produced  so  rapidly  that  the  body  can  not 
properly  nourish  them.  It  seems  to  me  that  von  Mai  sen*  s  conclusions 
should  be  accepted  with  much  reserve,  because  of  certain  probable  sources 
of  error.  In  the  first  place  he  seemed  to  have  based  his  estimate  of  males 
and  females  upon  the  size  of  the  eggs  alone,  the  large  ones  representing  fe- 
males, the  smaller  eggs  males.  From  the  very  marked  variation  in  the  size 
of  the  female  eggs,  as  given  from  his  own  measurements,  it  would  seem  tliat 
size  alone  would  not  be  a  strictly  accurate  method  of  determining  the 
sexes.  In  the  second  place  it  does  not  seem  improbable  that,  at  higher  tem- 
peratures, and  with  a  more  rapid  generative  activity,  fewer  smaller  eggs 
would  fall  as  prey  to  the  larger  eggs;  for  in  these  animals  the  larger 
female  eggs  arc  frequeiitly  nourished  at  the  exi>ense  of  the  smaller.  If  the 
nutritive  activity  of  these  large  eggs  is  increased  proi>ortionately  to  the 
sexual  activity  by  higher  temperature,  then  the  larger  eggs  should  consume 
the  smaller  ones  in  like  ratio :  but  von  Malsen  does  not  seem  to  have  shown 
this  to  be  true.  It  may  l)e  said  that  at  lower  temperatures  the  larger 
female  eggs  have  relatively  more  time  in  which  to  consume  the  smaller, 
hence  fewer  small,  or  male,  eggs  are  laid.  The  question  then  arises,  does 
von  Malsen's  exi>eriments  prove  that  higher  temperature  leads  to  the  produc- 
tion of  more  f(»raale  than  male  eggs  from  the  generative  tissue?  or  merely 
that,  at  a  higher  temperature,  ot  the  relatively  larger  number  of  eggs 
produced,  a  proportionately  smaller  number  of  male  eggs  is  consumed  in 
the  nutrition  of  the  female  eggs. 

The  researches  of  Issakowitsch  uiwn  a  daphnid  bring  us  face  to  ftice 
with  a  different  class  of  data.  This  author  reared  the  descendants  of 
parthenogenetlo  females  through  several  generations  (six  as  a  maximum), 
and  found  that  the  production  of  females  Is  paralleled  with  high  tempera- 
ture   (24°  C).   and   that   the   males   with   lower  temperature,   the  direct 
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opposite  to  that  which  happened  in  the  worm  Dinophiius.  Issakowitsch 
shows  that  temperature  acted  merely  as  influencing  nutrition,  for  when  the 
animals  were  starved  by  being  reared  in  distilled  water,  males  and  resting 
eggs  were  developed  From  liis  experiments  it  would  seem  that,  so  far  as 
parthenogenetic  eggs  were  concerned,  nutrition  may  act  as  a  sex-determin- 
ing factor.  Both  von  Malsen  and  Issakowitsch  look  upon  nutrition  as  a 
sex-determining  factor  from  the  influence  it  is  supposed  to  produce  upon  the 
plasmic  relation  in  the  nucleus,  as  set  forth  by  Richard  Her  twig. 

The  more  recent  researches  of  Punuett  upon  Hydatena  seem  to  throw 
new  light  upon  the  subject  in  that  they  point  out  probable  errors  in  the 
studies  of  Maupas  and  Nussbaum  (H.  C.  Punnett:  Sex-determination  in 
Hydatena,  with  some  remarks  on  parthenogenesis.  Proc.  Royal  Soc,  Series 
B.,  78:  223,  19(^).  In  Hydatena  three  kinds  of  females  may  be  recognized 
by  the  kinds  of  eggs  they  lay:  (a)  females  which  produce  females  par- 
thenogenetlcalJy  (thelytokous  females)  ;  (b)  females  which  produce  males 
parthenogenetically  (arrenotokous  females)  ;  and  (c)  the  layers  of  fertil- 
ized eggs.  Of  the  flrst  class  of  females,  Punnett  recognized  from  pedigree 
cultures  three  different  types.  A.  Females  giving  rise  to  a  high  percentage 
of  male  producing  individuals  (arrenotokous  females).  B.  Females  giving 
rise  to  a  low  percentage  of  male  producijig  individuals.  C.  Purely  female 
producing  individuals  (pure  thelytokous  females). 

In  experiments  designed  to  test  the  effect  of  temi)erature  and  nutrition, 
it  was  found  that  in  the  purely  female  producing  individuals  (class  C), 
Qo  male  producing  forms  appeared,  the  strain  remaining  pure,  and  that  in 
the  class  B,  the  ratio  of  males  was  not  raised  as  a  result  of  starving.  Con- 
sequently it  i%  difficult  to  see  tliat  either  temperature  or  nutrition  has  any 
influence  in  determining  male  producing  forms.  Punnett  suggests  **that 
the  females,  producing  females  parthenogenetically  (thelytokous),  are 
really  hermaphrodite,  though  the  male  gametes  may  not  exhibit  the 
orthodox  form  of  si>ermatozoa.  Such  a  view  would  account  for  the  ob- 
served absence  of  polar  bodies  in  the  female  eggs,  for  it  nni8t  be  supposed 
that  the  process  of  reduction  and  fertilization  talces  place  before  the 
accumulation  of  yolky  material."  It  may  be  added  also  that  if  no  polar 
bodies  are  formed,  there  is  no  reduction  in  the  number  of  chromosomes,  and 
we  may  have,  as  has  been  clearly  shown  in  certain  plants,  not  a  case  of 
parthenogeDesis  but  oue  of  apogamy.  Whitney  (Whitney,  David  Day. 
Determination  of  sex  In  Hydatena  senta.  Jml.  I^lxp.  Zool.,  5:  1-26,  1907), 
hi  a  still  more  recent  study  of  Hydatena  senta,  finds  that  neither  tempera- 
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ture  nor  mitrilioii  has  anything;  to  do  with  the  determiiiatiou  of  sex.  He 
asserts  also  that  the  three  strains  of  I'nnnett  ran  be  fonnd  in  <ine  strain 
and  earii  is  capable  of  prtnludng  the  other  tyi»es  arcording  as  the  data 
is  scanty  or  extensive. 

Even  if  we  admit  that  the  rt»snits  obtaintMl  with  <-ertain  animals  furnish 
some  evidence  in  favor  ol  the  view  that  nutrition  may  be  iustnimentiil  iu 
determlninjr  s<*x.  yer  tiie  vast  majority  (»f  facts  obtained  from  numerous 
studies  unide  ni>on  lower  and  Iii^her  iilants  point  unmistaliably  to  the 
opposite  conclusion.  1  slia  11  mention  a  few  instances.  Botainist»  have  long 
recognlze<l  tlie  difhculty  ol'  obtaining  for  class  use  tlie  zygospores,  or  the 
sexually  formed  rejiroiiuctive  IxKlies,  In  the  <-ommon  bread  mould  Khizopus 
nigricans,  and  this  was  su[)pos(Ml  to  be  duc^  to  tlie  la<-lv  of  linowlcdge  of  the 
external  conditions  ne<-essary  to  call  forth  sexual  reproduction.  Blakeslee 
has  recently  sliown  that  this  common  mould  is  dioecious,  and  that  if  male 
strains  are  cultivated  along  with  female  strains,  sexual  reproductli^n  wlil 
talve  place  irn^pe<-tive  of  external  <'onditions;  wliereas  if  the  different 
strains  are  grown  seijarntely,  no  zygospores  will  result,  no  matter  what  the 
food  conditions  jnay  be  Again,  the  welMiuown  liverwort,  Marehantia, 
produces  nmle  and  female  sexual  organs  uix)n  separate  thalli,  or  individuals. 
These*  individuals  are  proi>agateil  by  bodies  calknl  gemmae,  and  it  is  re- 
ported that  Noll  has  cultivattnl  individuals  from  tlie  gemmae  under  all 
sorts  of  growth  conditions  with(»ut  btMng  able  to  change  tiie  sc»x  of  any  of 
the  thalli.  The  tlialli  arise  primarily  fr<»ni  sinires  that  are  apiiarently  all 
alike,  and  tliat  come  from  the  same  capsule,  yet  some  of  these  six>refl  must 
be  strictly  male  and  otiiers  tV'niale.  The  well-known  studies  of  PrautI  upon 
fern  protliallia  are  freiiuiMitly  'pioted  as  supporting  the  doctrine  that  food 
conditions  determine  sex.  Prantl  found  tliat  under  iM)or  conditions  of  nour- 
ishment tlic  protliallia  pro(luce<l  only  male  organs,  and  if  removed  to  con- 
ditions affording  go<Kl  nourishment,  f<Mnal<»  organs  were  developed.  In 
this  as  in  many  similar  cases,  there  was  no  change  of  sex  since  monoecious 
organisms  were  operattnl  with,  that  is  ortranisms  capable  of  producing  both 
male  and  female  gauK  tes.  Lack  ol  nourishment  merely  inhlblteil  the  devel- 
opment of  the  tissue  ui>on  whicli  the  femah'  organs  are  bonie,  and  con- 
sequently only  male  orirans  were  (h'velojMHl.  These  prothallla  arise  from 
spores  that  contain  the  <haracters  of  both  sex(»s.  and  external  conditions 
merely  stimulate  the  develo]»ment  of  oiu*  or  the  (►ther  of  the  sexes,  or  both. 

The  writer  has  rcK^-ently  l)<»gun  tlie  study  upon  a  fern,  whose  prothallla 
have  been  reportcnl  as  strictly  dioe<*ious,  and  tliat  If  the  spores  are  well 
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nourishecl  female  prothalliu  will  i)reilomiuate,  while  witli  poor  nourisb- 
ment  the  vast  majority  of  8i>oreH  will  give  rise  to  male  gametophytes.  Au 
examination  of  cultures  grown  under  favorable  conditions  for  laboratory 
use,  in  which  the  spores  were  sown  thickly,  showed  that  certain  spores 
produced  strictly  male  plants,  others  female,  and  still  others  bisexual 
prothallia.  A  small  number  of  spores  were  isolated  and  grown  under 
similar  and  very  favorable  comlitions,  with  similar  results.  The  pure  males 
were  almost  equal  in  nunil>er  to  thost»  bearing  the  female  organs,  while  the 
bisexual  plants  were  few,  being  about  four  i)er  cent,  of  the  whole  number. 
The  foregoing  results  seem  to  lend  encouragement  to  the  view  that  environ- 
mental conditions  may  luive  nmch  less  to  do  with  the  development  of  male 
and  female  prothallia  than  had  hitherto  been  su[>i)ostHl.  The  very  brief 
study  showed  clearly  that  in  the  fern  in  question  there  is  a  great  mortality 
among  the  spores,  which,  as  can  be  readily  seen  vary  greatly  in  size. 
Among  the  first  things  to  establish  in  this  and  similar  cases  Is  whether 
mortality  is  greatest  among  the  smaller  or  larger  8i)ores,  and  whether 
the  prothallia  springing  from  the  small  spores  tend  to  remain  small  and 
produce  only  antheridia,  while  the  larger  female  plants  arise  only  from 
the  larger  spores,  an  so  on.  I  have  no  notion  what  sort  of  results  a  careful 
and  extended  study  will  bring  forth. 

Of  all  efforts  to  ascertain  the  influence  of  the  environment  ui>on  the 
determination  of  sex,  doubtless  the  studies  carried  on  upon  dioecious  plants 
by  Strasburger  and  many  others  are  the  most  noteworthy.  Especially 
interesting  and  instructive  in  this  connection  is  a  representative  of  the  pink 
family,  the  Red  Campion,  Lychnis  dioica,  which  is  attacked  by  a  smut, 
Ustilago  violaceae,  whose  spores  are  produced  in  the  anthers  instead  of 
IK)llen.  This  red  campion  is  dioecious,  certain  individuals  bearing  only 
staminate  and  others  pistillate  flowers.  The  structure  of  the  staminate  and 
pistillate  flowers  are  shown  in  the  following  figure. 

If  a  plant,  bearing  staminate  flowers,  be  infected  by  the  smut,  the 
anthers  when  mature  will  be  filled  with  smut  spores  instead  of  pollen. 
Apart  from  the  color  of  the  anthers  the  form  of  the  staminate  flower  is 
unchanged  by  the  presence  of  the  parasite.  On  the  other  hand,  if  a  plant, 
bearing  pistillate  flowers,  is  befallen  by  the  snuit,  the  blossoms  on  the 
branches  affected  by  the  smut,  will  develop  normally  appearing  stamens, 
whose  anthers  are  filled  with  smut  spores  instead  of  iK>llen,  while  the  pistil 
remains  in  a  rudimentary  condition.  The  only  ap])arent  difference  between 
a  pistillate  flower  thus  affected  by  the  parasite  and  the  normal  staminate 
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blofwuiin  Ir  an  floui^ntloii  nt  the  axU  betwcoti  catyz  and  corolla  (Fls-  3b'). 
At  linsr  HtKlit  It  iiiiflit  uiqtear  tbat  the  presence  of  tbe  i>araslte  was  sullt- 
tleiit  to  cliiiiiw!  the  Hex  iif  tUi'  i>\aM.  for  Iho  fuugiis.  when  present  In  tbe 
pistillate  plant,  leads  regulurly  to  the  ileveto|mient  of  stamens  and  tbe 
suppression  of  tbe  pistil.  However,  In  tbis  case  tbe  capacity  to  dev4>lop 
Btameiiti  nnixt  Im>  asKiiititNl  to  be  prf^wnt  In  tUe  plHtlllate  plant,  and  the 
parasite  Is  able  to  ludnce  the  cotulitlouH  iiecesttary  to  tbeir  formntion  and 
the  supprertMion  of  the  pistil,  and  thus  provide  for  tbe  development  ot  its 
own  siKirCB.  Extensive  niid  elaborate  ^-xtierimeuts  by  Strasbnrger  upon 
uninfected  plants  with  the  view  of  diiplicatiiiK  (be  effects  produced  by  tbe 
parasilo.  led  to  no  (litliiilte  results. 


Fig.  3. 

Pie.  3.  SlamliiHle  aud  pialill&te  tlow^ra  of  Lrcbni: 
I.  Dunnkl  HUtiilnate  floner.  b.  normal  plRtillate  llo< 
IV  the  smut,  Untilaso  riolafeoc:  tlie  anthers  eotitu 
i'  piBtillate  llower  similarly  afffcted:  tbe  piatll  ban  rei 
lave  been  developed,  which,  hoKever.  bear  only  an 
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-.    n'  Btamlnale  tlo«er  affected 
amut  Hporei  inatead  of  pollen, 
ioed  nidlTQentan'  while  authen 
sporea.    The  presence  of  the 
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I^ureiit  (1903)  has  maintained  that  an  excess  of  nitrogen  or  ilme 
favors  the  development  of  males  in  spinach,  lierai),  etc..  while  potash  and 
phosphoric  acid  favor  the  development  of  females,  but  his  results  are  not 
very  convincing.  Temperature,  light  and  moisture  conditions,  relative  age 
and  vigor  of  parents,  relative  maturity  of  pollen,  early  and  late  planting, 
pnniing,  etc..  have  all  been  carefully  and  elaborately  tcste<i  without  achiev- 
ing satisfactory  or  convincing  results.  The  case  of  the  anther  smut  cited  in 
the  foregoing  seems  to  furnish  the  best  evidence  among  plants  that  the  sex 
of  the  spores  to  be  developed  can  be  changed  by  environmental  conditions, 
yet  it  must  be  admitted  that  the  preponderance  of  evidence  is  against  the 
view  that  environmental  conditions,  either  direct  or  indirect,  can  determine 
sex.  On  the  other  hand,  there  are  many  who  believe  that  sex  is  predeter- 
mined in  the  germ  •.•ells,  and  that  we  are  confronteti  with  a  problem  which 
is  purely  hereditary.  According  to  this  view  certain  parts  of  the  hereditary 
substance  or  chromatin  contain  male  characters,  or  repesent  maleness  only 
and  certain  other  parts  female  characters,  or  femaleness,  that  is,  there  are 
male  determinants  and  female  determinants  in  the  chromatin.  To  illustrate 
this  statement,  let  us  recall  the  case  of  the  common  liverwort,  Marchantla. 
Of  the  spores  produced  by  any  Individual  sporophyte,  some  will  give  rise 
only  to  male  thalli  and  others  to  female  thalli  Irrespective  of  environmental 
conditions.  Now.  the  spores  j^roducing  only  male  plants  must  contain  only 
male  determinants,  or  male  determining  parts  of  the  chromatin  must  domi- 
nate over  the  female  determinating  i)arts  in  thos*^  si)ore8  and  vice  versa. 
If  the  determination  ot  sex  be  regarded  as  a  problem  of  heredity,  and  if 
we  believe  that  hereditary  phenomena  have  a  physical  basis,  some  such 
theory  as  the  foregoing  (»ertalnly  affords  a  rational  basis  for  further  Investi- 
gation. 
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The  Celebration  by  the  New  York  Academy  of  Sciences 
OF  THE  Two  Hundredth  Anniversary  of  the 

Birth  of  Linnaeus. 


iii'Y  West  Wilson. 


The  two  himdrodth  aimiwrsjiry  of  the  birth  of  Liuiiaous,  the  great 
Swedish  naturalist  whom  we  rej;;ard  as  the  fatht»r  of  uunleru  biology,  was 
fittinjrly  coinjneinorated  by  th(»  N(»w  York  Academy  of  Sciences.  For  some 
time  the  otticials  of  that  organization  had  been  i>erfecting  plans  for  the 
observanct*  of  this  anniversary.  rerliai)s  few  other  societies  in  America 
have  at  their  command  the  resources  for  a  celebration  wliich  would  parallel 
this  one.  as  tlie  New  York  A<*ademy  has  atflliated  with  it  all  the  learned 
societies  of  the  (Greater  City  and  has  at  its  dis|K)s:it  for  such  au  o(;casion 
the  magnificent  museums  of  the  metroi>olis.  It  accordingly  gave  me  no 
small  i>leasur(»  to  receive  the  honor  which  the  president  of  the  ludiaua 
Ac*adem3'  of  Science  conferreii  upon  me  in  asking  me  to  represent  this  body 
at  these  exercises. 

At  J)  :30  a.  m.  of  the  2.*{d  of  May  the  delegates  from  numerous  American 
and  foreign  societies  and  institutions  met  in  the  trustees'  room  of  the 
American  Museum  of  Natural  llistorj'.  and,  in  compauj'  with  the  offioens 
of  the  New  York  Academy,  i>roceeded  in  a  l)ody  to  the  lecture  room  where 
the  initial  meeting  was  held.  About  thr(?c-<iuarters  of  an  hour  was  devoted 
to  tiie  residing  of  connnuuications  from  the  societies  whose  delegates  were 
present,  and  from  a  few  n()te<l  foreign  smieties  which  were  not  represented. 
These  conmnniications  covered  a  wide  range  of  topics,  extending  from  greet- 
ings from  the  various  so<-lotles  through  outlines  of  the  character  of  their 
work  and  eulogies  to  the  memory  of  Linnaeus  to  monographic  considerations 
of  some  phase  of  the  work  of  Linnaeus.  Of  these  last  may  be  mentioned 
the  pjipers  presented  by  the  representatives  of  the  Brooklyn  Entomological 
Society  and  of  the  Maryland  Academy  of  Science.  The  first  of  these  related 
to  the  entomological  work  of  Linnaeus  and  its  relation  to  American  ento- 
mology, while  the  sfM'ond  was  a  learnwl  and  interesting  discussion  of 
Lliniaeus  and  the  flora  of  Maryland.    This  part  of  the  program  was  followed 


49 

by  a  learued  address  by  Dr.  T.  A.  Allen  of  New  York  on  **Linnaeus  and 
American  Zoology,"  which  forms  a  most  valuable  contribution  to  the 
history  of  zoology. 

At  the  close  of  these  exercises  the  delegates  proceeded  in  a  body  to 
**La  Hermatage,"  a  quaint  little  French  hotel  in  the  Borough  of  the  Bronx 
near  the  New  York  Botanical  Garden.  Here  the  party  was  joined  by  the 
Swedish  Minister  to  America  and  the  members  of  the  Swedish  Legation  in 
New  York  City.  After  dining  together  the  party  returned  to  the  lecture 
room  in  the  Museum  building  of  the  New  York  Botanical  Garden.  The 
first  address  of  the  afternoon,  "Linnaeus  and  American  Botany,"  was 
delivered  by  Dr.  I*.  A.  liydbei*g.  a  fellow  countryman  of  Linnaeus.  This 
address  dealt  in  a  masterly  and  interesting  manner  with  the  sources  of 
Linnaeus'  information  concerning  American  plants,  closing  with  a  discus- 
sion of  the  genus  Linmiea  which  was  at  first  supi)osed  to  contain  a  single 
species,  but  to  which  siibseqiient  exploration  and  study  added  two  others. 
To  these  a  fourtli  was  added  from  Arctic  America.  The  second  and  closing 
address  of  the  afternoon  was  delivered  by  Dr.  II.  H.  Rushy  on  the  "Flowers 
of  North  American  plants  known  to  Linnaeus."  This  lecture  was  made 
doubly  Interesting  by  the  flue  display  of  lantern  slides  by  which  it  was 
accompanied.  These  l)elonged  to  the  Van  Bnnit  collection  of  the  Botanical 
Garden,  which  is  one  of  the  finest  and  most  complete  collections  of  hand 
painted  lantern  slides  of  American  plants. 

After  these  exercises  a  walk  of  about  three-quarters  of  a  mile  through 
tlie  magnificent  natnral  forest  of  Bronx  Park  brought  the  party  to  the  Lin- 
naen  bridge  on  Pelham  Parkway,  'i  he  party  was  conducted  by  Dr.  W.  A. 
MurriU,  who  pointed  out  a  number  of  characteristic  American  trees  known 
to  Linnaeus.  At  the  bridge  a  tablet  to  the  memory  of  Linnaeus  was  un- 
veiled. Appropriate  addresses  were  made  by  several  persons  of  note  and 
the  key  to  the  tablet  which  contained  various  articles  of  scientific  interest 
was  given  to  the  New  York  Historical  Society  for  safe  keeping  until  the 
23d  of  May,  1957,  when  another  anulversarj'  celebration  is  to  be  held 
and  the  contents  of  the  tablet  examined.  The  members  of  the  staff  of  the 
New  York  Zoological  Garden  then  conducted  the  party  through  their 
grounds,  showing  the  collections  with  especial  reference  to  the  American 
animals  known  to  Linnaeus. 

The  evening  program  consisted  of  a  reception  at  the  Aquarium  in 
Battery  Park  and  of  a  series  of  addresses  at  the  Brooklyn  Museum  of  Arts 

[4—18192] 
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and  Sciences.  The  flrsl  of  these  was  of  great  interest  as  it  was  the  first 
occasion  upon  wliich  this  magnificent  collection  had  been  viewed  at  night. 
It  was  also  the  centennial  of  the  building  which  has  seen  a  varied  career 
of  fort,  amusement  place,  emigrant  landing  and  repository  of  scientific 
collections.  The  second  part  of  the  program  was  taken  up  with  several 
addresses,  but  three  of  which  need  to  be  mentioned.  The  first  was  by 
Professor  E.  L  Morris  on  the  "Life  of  Linnaeus,"  and  was  pronounced  by 
his  hearers  a  masterpiece  of  biography.  This  was  followed  by  an  address 
upon  "Linnaeus  and  American  Natural  History,"  by  Dr.  F.  A.  Lucas  who 
treated  his  subject  in  a  most  interesting  manner.  The  program  was  closed 
by  a  talk  by  Dr.  T.  A.  (Jrout  on  the  "Plants  and  Animals  Known  to  Lin- 
naeus," which  was  i)rofusely  illustrated  by  lantern  slides. 

Another  feature  of  great  interest  in  connection  w^ith  this  celebraticni 
was  the  series  of  exhibits  of  objects  of  American  natural  history  known 
to  Linnaeus.  At  the  American  Museum  of  Natural  History  extensive 
exhibits  were  arranged  to  show  the  American  animals  and  the  rocks  and 
minerals  known  to  liinnaeus  and  arranged  according  to  his  system  of  class- 
ification, a  full  explanation  of  which  accompanied  the  exhibit.  At  the  New 
York  Botanical  Garden  there  was  a  large  collection  of  American  plants 
known  to  Linnaeus  and  arranged  according  to  his  system  of  classification. 
Accompanying  this  exhibit  was  a  very  complete  set  of  the  liotanical  works 
of  Linnaeus  and  a  very  fine  series  of  jx^rt raits  of  him.  t^njoyable  and  profit- 
able as  wore  iill  the  other  features  of  this  celebration  these  exhibits  and 
the  lectures  by  Dr.  Busl)y  a  lid  Dr.  Grout  added  much  to  the  value  and  in- 
terest of  the  celebration  and  to  the  delightful  remembrances  which  the  dele- 
gates carried  home  with  them. 

New  York  City. 
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An  Investigation  of  the  FuEii  Value  of  Indiana  Peat 


KoBEKT  E.  Lyons. 


Peat  is  a  moist,  spongy,  partially  carbonized  vegetable  matter.  It  is 
an  incipient  coal*  containing  tlie  lieat  units  stored  up  by  the  vegetation 
from  whicli  it  is  formed.  This  form  of  crude  fuel  has  been  used  in  Europe 
for  centuries  and  today  is  used  in  Canada  and  in  some  places  in  the  United 
States. 

Hundreds  of  thousands  of  acres  of  peat  beds  exist  In  the  lake  region  of 
Indiana  embraced  within  the  three  or  four  northern  tiers  of  counties.  These 
deposits  constitute  a  source  of  cheap  and  easily  obtained  fuel  for  local 
use.  As  the  price  of  coal  advances  the  use  of  peat  for  the  manufacture  of 
briquettes  will  Increase  and  the  time  will  doubtless  come  when  the  cities 
in  that  portion  of  the  state  will  derive  their  fuel  from  the  peat  l>ogs  of 
that  region. 

It  has  recently  l>een  my  privilege  to  investigate  the  fuel  value  of  a 
number  of  r^)resent*itive  samples  of  Indiana  peats  which  were  collected  by 
the  State  Department  of  (ieology  and  Natural  Resources.  The  relative 
fuel  value  of  each  of  twenty-nine  samples  was  determined  by  calorimetric 
test  with  the  Parr  Standard  Instrument  and  the  results  expressed  in 
British  Thermal  Units.  (B.  T.  U.  =  the  amount  of  heat  necessary  to 
raise  the  temperature  of  one  pound  of  water  one  degree  Fahrenheit.) 
The  results  are  also  expressed  in  calories;  a  caloric  being  the  amount  of 
heat  required  to  raise  one  gram  of  water  one  degree  centigrade.  The  test 
was  made  on  samples  of  peat  dried  at  105°  Cent.,  which  give  a  slightly 
higher  thermal  effect  than  would  be  obtainable  In  the  practice  with  air 
dried  peat,  because  of  the  moisture  held  by  iK?at  even  after  prolonged  air 


^he  following-  table  from  Oat,  Technische  Chemie,  1903,  p  12.  indicates  the  pro^ressiye 
ehanffet  which  peat  miflrht  underaro  in  a  possible  conversion  to  anthracite  coal: 

Wood, 

darbon  50 

Hydrogen 6 

Oxjffen 43 

Nitrogen 1 


Peat. 

Lignite. 

Hit 

uminous 
Coal. 

Anthracite 
Coal 

60 

70 

82 

94 

8 

5 

5 

3 

32 

24 

12 

3 

2 

1 

1 

Trace. 

dryluK  under  ravorablc  c<iudltiuii8.  The  advaiitaKe  lu  ubIiik  tiTeo  dried 
peat  III  the  cal or i mettle  tent  is  tliat  all  samples  may  be  accurately  compared 
us  to  heating  effect.  The  amount  of  moisture  remaining  after  air  drying 
Ib  de[ieudeut  upon  local  conditions. 
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The  results  of  the  tests  show  the  moss  peats  to  have  a  much  hl^iei 
heiit  value  tlmn  the  iieiitn  of  the  urass  and  eedpe  variety.  This  fact  la  cor- 
roborated by  numerous  other  tests  on  |M'ats  from  other  regiooe. 

Five  typical  si>eclmeiiH  of  iM-nt  were  sul)Je<.-ted  to  a  more  complete 
chemical  analysis,  liu-lmling  the  detcnnlniitiou  of  the  percentage  of  mois- 
ture,   viilntlle  itimbnstlhle  matter,   fixed   carboii,   coke,  ash,  sulphur  aiHl 


CHEHICAL  ANALYSES  OP  FIVE  SAMPLEH  OK  PEAT  FROM  N'ORnibRN  INDIANA 
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Cbonty,  Township,  Range  and  Section. 


DekBlb.8ec.  9(33N.,12E.). 

St  loMph,  Sees.  28, 33  and  34  (36  N.,  2  E.) 

Si  JoMph,  Sec.  3  (36  N,  1  £  ) 

ManhaltSea  lOand  11  (33  N  .  1  E  ). 
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Fixed 
Air 

Coke 

Air 

17.16 

73.31 

22.53 

26.67 

12.24 

70.21 

23.45 

29.78 

11.40 

65.52 

20.65 

34.47 

8.99 

70.97 

19.08 

29.09 

1     10.20 

62.43 

24  30 

37.55 

•? 


4.14 

6.33 

13.82 

10.01 

13.25 


••I 


2.56 
2.22 
3.31 
3.91 
2.96 


U 

CO 

0.74 
0.87 
1.83 
0.83 
0.96 


The  value  of  any  fuel  depends  uix>n  tlie  (luantity  of  heat  Kwierated  and 
the  temperature  which  can  b<*  obtained.  The  influence  of  moisture  and 
ash  upon  the  heating  power  of  peat  is  well  sliown  in  the  following  table* : 

Dry  peat  without  ash  <;5(H)  calories' 

Dry  \yeSLt  with    4%  ash   a'{(M)  calories 

r>ry  peat  with  12%  ash   58(K)  calories 

Dry  peat  with  l^)%  ash   4500  calories 

Same  pent  with  25%  water 4700  calories 

Same  peat  with  :^0%  water 4100  calories 

Same  peat  with  50%  water 2700  calories 

Same  peat  with    0%  water  and  15%  asli 5500  calories 

SaJne  iieat  with  25%  water  and    0%  ash   47(X)  calories 

Same  peat  with  30%  water  and  10%.  ash 3700  calories 

It  will  be  noticed  that  the  dlfF<Tence  between  two  samples  of  i>eat 
having  a  different  content  of  moisture  is  greater  than  that  due  merely  to 
the  displacement  of  combustible  matter.  The  loss  represents  the  amount  of 
heat  consumed  in  vaporizing  the  moisture.  This  denionstrati*s  the  neces- 
Hlty  of  preparing  peat  for  use  as  fuel  so  as  to  contain  the  least  possible 
ainoiiut  of  moisture. 

A  comparison  of  the  heatimj  power  of  peat  and  various  other  fuels  is 
given  in  the  following  ta blest : 


*  Haasdinff.  Handbach  der  Torf rewinunff,  1904,  p.  333. 

t  First  table  from  HAasdinir*  Second  table  from  Thurston's  Elements  of  Enffineerins: 
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Water  Water 

Chemically     Mechanically 

Combined,           Held.  Ash. 

Anthracite  coal 2                    3  2 

Charcoal,  air  dry 0                   12  3 

Charcoal,  kiln  dry 0                    0  3 

Wood,  air  dry 39                   20  1 

Wood,  kiln  dry 49                    0  1 

Peat   ' 26                   25  5 

Peat,  manufactured 30                   18  2 

B.  T.  U, 

Coal,  anthracite 14833 

Coal,  bituminous  14796 

Coal,  lignite,  dry 10150 

Peat,  kiln  dry 10150 

Peat,  air  dry 7650 

Wood,  kiln  dry 8020 

Wood,  air  dry 6385 


Calorie*. 
8306 

6868 

7837 

3232 

4040 

3960 

4430 


Eva. 


aparative 
Effect, 

14.96 

14.95 

10.25 

10.26 

7.73 

8.10 

6.46 


From  these  tables  it  will  be  seen  that  unprepared  peat  has  a  higher 
heating  value  than  wood,  but  is  inferior  to  coal. 


COMPARISON    OF    INDIANA    BITI'MINOUS    COALS    AND    INDIANA 

PEATS. 

I.    Chemical  Composition  : 

(A)  The  extreme  percentages  of  the  constituents  considered  in  connec- 
tion w^ith  the  fuel  value  of  twenty  samples  of  Indiana  coal,  analyzed  by 
Dr.  W.  A.  Noyes* : 

Volatile 
Moisture    Combustible    Fixed 

105^.  Matter.       Carbon.       Coke.  Ash.     Sulphur, 

Maximum 13.82        45.16        52.77        57.22  9.76  4.01 

Minimum    0.08        35.22        41.80        49.62  1.06  0.34 

(B)  Similar  data  from  the  analyses  of  Indiana  peats  (air  dried)  : 

Maximum    17.10        61.98        24.30        37.55        13.82  1.33 

Minimum   8.09        52.23        19.08        26.67  4.14  0.74 


*Report  of  State  Geolosrist,  21.  p.  105. 
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II     The  Heating  and  Evaporating  Effect  as  Shown  by  the  (,Ulobimetric 
Test: 

(A)  Data  from  twenty  siiDiples  of  IiuUnim  coal  analyzed  by  Dr.  W. 
A.  Noyes* : 

HvaporcUive 
B.  T.  IT,  Calories,  Effect, 

Maximum 13219  7344  13.4 

Minimum  11691  6495  12.1 

(B)  Data  from  twenty-nine  samples  of  Indiana  peat  (oven  dried)  : 

Maximum 10466  5814  10.8 

Minimum  4541  2523  4.7 


SUMMARY. 

Mfvap» 
Calories.  Effect, 

1  lb.  best  of  20  samples  Indiana  coal  tested  yields 7344  13.4 

1  lb.  best  of  29  Indiana  peat  tested  (oven  dried),  yields.       5814.6        10.8 
1.26  lbs.  best  Indiana  peat   (No.  21)  equals  in  thermal 

effect  1  lb.  of  the  best  Indiana  coal  (No.  17,  Report 

State  Geologist,  21,  p.  106). 

1  lb.  oven  dry  peat,  average  of  29  samples,  yields 4288  8.0 

1  lb.  coal,  average  of  20  samples,  yields 6860.8        12.8 

1.6  lbs.  average  peat  (oven  dry)  equals  in  thermal  effect 

1  lb.  of  average  Indiana  coal. 

The  cost  of  preparing  the  peat,  or  pressing  it  into  briquettes,  must 
be  considered  in  a  comparison  of  peat  with  coal.  Some  i)eat  briquetting 
plants  are  already  in  iteration  in  Indiana,  e.  g.  The  Indiana  Peat  Co.  of 
North  Judson,  Starke  Ck>unty.  This  firm  estimates  the  operating  expenses 
for  a  small  peat  plant  of  thirty  tons  capacity,  as  follows  :** 

1  foreman   $3  00 

1  engineer   2  75 

2  peat  men  4  00 

4  boys 5  00 

1  man,  hoisting  engine 1  50 

2  men  at  press 4  00 


*Beport  of  State  Geologist,  21,  p.  105. 
**Beportof  State  Geologist,  81,  p.  99. 
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1  night  nuui   $1  50 

Offif'o r>  00 

Total   $26  75 

Aerordii)};  to  this  estimate  the  niainifacturing  of  i>eat  into  briquettes 
costs  about  85  t-ents  i>er  ton. 

PEAT  AS  A  SOIKCE  OF  PUODUCER  GAS. 

In  ordinar3'  dinM*t  firing  tlie  obje<'t  is  to  offe<'t  complete  combuHtion 
in  i)roximity  to  tlie  fuel  l>ed.  Within  tlie  same  chamlver  the  fuel  elements 
are  vaporized,  distilled,  gasified  and  completely  burned.  The  first  two 
processes  absorb  heat  only  and  there  are  advantages  in  separating  them 
from  the  point  where  combustion  of  tlie  gases  occurs  and  where  high  tem- 
penitures  are  develope<l  by  the  heat  evolvwl.  The  gas  producer  or  gen- 
erator accomplishes  this.  Within  it  vai>orization,  distillation  and  gasifica- 
tion result  in  a  combustible  gas,  which,  led  away  to  a  separate  combustion 
chamber,  is  there  burned  undtn*  conditions  favoring  a  fuller  realization  of 
the  fuel  value  and  the  attainment  of  temperatures  otherwise  impossible. 

Even  with  a  close  connection  of  producer  to  the  furnace,  and  conse- 
quent utilization  of  the  stmsible  heat  of  the  gas.  there  is  a  loss  of  energy, 
but  it  should  not  exceed  15  to  18  ix»r  (»ent.  of  the  calorific  value  of  the 
fuel.  Notwithstandinir  this  loss,  exjierience  has  demonstrated  that  pro- 
ducer gas  accomplishes  the  same  result  with  less  fuel.  It  has  made  pos- 
sible metallurgical  operations  which  were  impractical  with  direct  firing, 
and  materials  quite  unsulte<l  for  heating  oi)erations  are  made  available 
by  previous  gasification  in  a  producer.  This  is  true  of  combustible  sub- 
stances containing  nnich  moisture,  as  wood,  sawdust,  peat.  etc.  The  water 
maj-  be  remr)V(Hl  from  the  gases,  which  can  then  l»e  applied  to  oijeratioDS 
requiring  high  teniix'rature. 
The  yield  of  producc^r  gas  from  difTerent  fuels  varies  within  w^ide  limits.* 

Oas  Yield  per  Pound 

Material.  in  Cubic  Feet. 

( 'oke  r»r  charcoal 104 

Bituminous  coals  75 

Brown  coal    65 

Tnrf 45 

WfKKl     35 

*R.  D.  Wood.  Industrial  Applications  of  Producer  Gas,  p.  25  and  p.  SB. 
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It  has  been  (ItMiioiistratiMl  by  test  at  the  Uniteil  States  coal  tPKtlng  sta- 
tion in  St.  LouiH  that  Indiana  bitinninons  <*oal  can  Im»  fonvertinl  into  pro- 
ducer gan  and  that  when  this  gns  is  l)urned  in  a  gas  engine  it  yields  2 
to  2^2  times  as  unirli  energy  as  <umU]  Ik*  obtalnt^d  from  Imrning  the  same 
ooul  under  a  l>oiler. 

The  advantages  of  l)urning  coal  gas  pertain  e(jually  to  using  peat  as 
a  gaseous  fuel.  The  use  of  solid  peat  fuel  involves  a  loss  of  more  than 
25%  of  heat,  which  loss  nuxy  be  reduced  to  alwnit  1.")%  by  tirst  converting  the 
peat  into  gas  and  then  burning  the  gas. 

Peat  gas  is  valueil  above  coal  gas  In  tlie  steel  industry  on  account  of 
its  greater  freedom  from  siilphur  and  phosphorus. 

R.  D.  Wood  &  Oo.,  of  Philadelphia,  have  made  experiments  on  the 
application  of  Texas  lignite  in  gas  pnMhicers  and  liave  d(>monstrated  its 
value  as  a  basis  of  gas  production.  This  lignite  is  not  far  removed  in 
Its  chemical  comiM»sition  from  peat.  Lignite  showwl  moistun^  21.8(>,  vola- 
tile matter  31.81,  tixe<l  carbon  30.85,  ash  JK48.  The  gas  made  from  it  is 
high  in  hydrocarl>ons,  and.  as  a  conse<iuence,  its  tiame  prtMhici^s  an  intense 
heat*  It 

A  test  of  '*machine  peat"  from  Taunton,  Mass.,  gave  4  cu.  ft.  of  gas 
with  a  calorific  i>ower  of  (554  B.  '1\  I',  per  cu.  ft.  from  €»ach  [Ntund  of  jKjat.t 
Gas  from  "cut  ijeat"  averages  alxnit  i;J5  B.  T.  r. 

tone  ton  of  compressed  i)eat  analyzing:  moisture  15,  ash  7.  fixed  car- 
bon 21,  volatile  matter  57.  will  yield  not  h»8s  than  1(.H).(MX)  cubic  feet  of 
gns  of  not  lc»S8  than  150  B.  T.  V.  per  cubic  foot. 

Effort  Is  now  l>eing  made  to  utilize  part  of  the  peat  deposits  of  Ire- 
land by  using  peat  for  gas  producer  fuel  in  elwtric  plants  with  recovery 
of  ammonia  and  otiier  by-products. [  It  is  estimattMl  that  from  85  to  150 
Iiounds  of  ammonia  sulphate  can  Iw  obtained  per  ton  of  peat  with  1,780 
cu.  meters  of  gas.  Acetate  of  lime.  nai»hta.  jmratHn  and  volatile  oils  are 
also  ol>taineil.  One  liundreil  pounds  of  dry  peat  are  calculated  to  yield 
075,000  B.  T.  U.  realizable  as  gas  in  a  Mond  proiluiin*,  which  would  give 
70  indlcate<l  horseiwwer  hours  in  a  gas  engine,  assuming  a  80%  thermal 
efficiency. 

TaroU  has  recently  improvwl  the  well-known  Mond  pr<M*ess  for  mak- 
ing producer  gas  in  so  far  as  he  gasifies  poor  fuel   in  a  mixture  of  air 


*R.  D.  Wood,  IndaRtrial  Applications  of  Producer  GaH.  p.  25  and  p.  26. 

tNorton:    Report  XV.  Boff  Fuel. 

tTwelfth  Report  Ontario  Bureau  of  Minee,  p.  231. 

IJoar.  Gas  Lisrhtinff,  100.  p.  760. 

^Elektr.  Zeitsehrift.  March.  1907. 
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and  superheated  steam.  Extended  exi>eriments  with  this  modified  process 
in  the  Mond  works  at  Stockton  show  that  it  is  possible  to  treat  directly 
wet  peat,  containing  50%  to  55%  water,  with  a  simultaneous  increase  of 
ammonium  sulphate.  The  chief  result  in  the  success  of  this  undertaking 
is  to  render  available  the  use  of  wet  non-brlquetted  peat  in  gas  producers, 
while  the  ammonium  sulphate  obtained  as  a  by-product-  will  assure  in 
itself  a  fair  interest  on  the  capital  invested. 

Data  concerninj;  producer  pas  made  from  Indiana  peat  is  not  avail- 
able at  the  [)resent  time.  There  is,  however,  no  apparent  reason  why  It 
should  not  be  as  satisfactorily  used. 

In  the  opinion  of  the  writer,  the  greatest  development  of  the  peat 
fuel  industry  in  Indiana  will  doubtless  be  as  a  source  of  producer  gas. 


59 


Notes  on  the  Humming  Bird. 


W.  B.  VanGobueb. 


From  informatiou  gathered  through  various  sources  the  humming  bird 
is  not  often  Been  in  Indiana  after  tlie  middle  of  September  of  each  year, 
mo8t  of  them  leaving  much  earlier  than  this,  while  a  few  tarry  longer,  even 
to  the  last  of  September.  September  29  is  the  latest  date  of  their  appear- 
ance in  the  State  as  given  by  Mr.  Butler  in  his  report  of  the  birds  of 
Indiana.  On  September  8  I  noticed  one  about  the  tlowers  in  my  garden; 
also  one  on  September  9.  On  September  15  I  noticed  one  again.  This 
attracted  my  attention,  as  I  had  marked  September  9  for  the  last  date  for 
1907.  I  decided  now  to  watch  more  closely  the  flowers  in  my  garden 
and  In  my  neighbor*s  garden  adjoining. 

This  was  the  result  of  my  observations:  The  daily  visits  of  these 
birds  being  as  follows:  September  15.  three  visits;  September  16,  two 
visits;  September  17,  three  visits;  September  18,  three  visits;  September 
19,  two  visits;  September  20,  two  visits;  September  21,  none;  September 
22,  two  visits;  September  23,  one  visit  at  4:30  o'clock  in  the  afternoon; 
S^tember  24,  one  visit  at  fifteen  minutes  past  twelve,  one  at  twenty  min- 
utes of  five  o'clock  and  one  at  5:30  o'clock;  September  25,  one  at  seven 
o'clock  in  the  morning;  September  26,  one  visit  at  seven  o'clock 
in  the  morning  and  one  at  twenty  minutes  past  twelve;  September 
27,  one  visit  at  6:30  in  the  morning;  September  28,  one  visit  at  eight  o'clock 
and  ohe  at  nine  o'clock;  Seiitember  29,  one  visit  at  tifteeu  minutes  of 
eight,  one  visit  five  minutes  past  nine,  one  at  five  minutes  past  ten,  one  at 
ten  thirty,  one  at  eleven  forty,  one  at  ten  minutes  of  four,  one  at  four 
thirty  and  one  at  five  o'clock ;  September  30,  one  visit  at  twenty-five  min- 
utes past  twelve;  October  1.  one  visit  at  twelve  o'clock  and  one  at  four 
thirty;  October  2.  one  at  three  thirty;  October  3.  one  at  twelve  twenty; 
October  4,  one  at  five  minutes  of  twelve  and  one  at  twenty  minutes  past 
twelve;  October  5,  I  watched  two  hours  before  1  saw  a  humming  bird  at 
ten  thirty,  another  visit  at  ten  fifty  and  at  five  fifteen,  one  hovering  about 
a  few  nasturtiums;  October  0.  one  visit  at  one  o'clock,  one  at  oncvthirty 
and  one  at  five  o'clock.     October  7  it  rained  all  day  and  none  was  seen. 
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October  8  at  five  minutes  past  twelve,  two  cauie  from  the  north  and  tar- 
ried a  few  minutes  about  a  bed  of  cannas  and  togetlier  tlew  direct  south. 
Octol)er  9  I  saw  one  at  twelve  thirt3'  hovering  about  the  cannas.  It  came 
from  the  north  and  flew  to  the  south.  I  had  noticeil  tlie  flower  garden  was 
approachwl  by  these  birds  from  all  directions  up  to  the  last  two  days, 
when  the  visits  were  made  as  stated.  As  1  was  engaged  in  scfhool  work 
my  observations  did  not  cover  the  whole  day  except  in  a  few  c*ases,  but 
the  record  here  given  is  my  own. 

On  October  1  a  few  iK^rsons  were  aslced  to  make  observations,  which 
they  did.  and  with  about  the  same  results  as  here  stated.  Two  of  the 
stations  were  more  than  two  miles  apart.  Thret*  reported  seeing  these 
birds  on  Octol>er  8  and  one  on  October  9. 

It  is  often  state<l  tliat  the  temiH.»rature  governs  the  movements  of 
tliese  birds.  The  t«Mnperature  for  the  time  as  reported  to  the  weather 
bureau  by  Mr.  Charles  (StK-kier  Is  as  follows: 


Maxi- 
mum. 


Septemb«»r    15 87 

September   ir» 87 

September   17 88 

September   18 IK) 

September   19 IM) 

Septemb*»r   120 89 

September  21 K? 

September   22 75 

September   23 81 

Septemb<»r   24 80 

September   25 05 

September   2(> 71 

Sei>tember   27 81 

Septemljer   28 78 

Septeml>er   29 59 


Mini'                                                     Maxi-  Mini- 

mum.                                                     mum,  tN«tN. 

02  September   »» 70  41 

03  October  1 81  41 

03  October  2 83  56 

<;e  October  3 81  02 

r;5  October  4 73  &J 

iV2  October  5 75  45 

r,2  OctolK»r  0 70  42 

49  Oct(»ber  7 71  56 

43  Octob<»r  8 60  45 

50  October  9 08  37 

36  October  10 08  38 

38  Octob(»r  11 03  50 

50  October  12 50  37 

58  Octol)er  13 55  31 

53 


The  rciord  for  a  f(»w  days  past  their  last  api)ea ranee  is  given  for  the 
sake  of  r'oniparison. 

Then*  was  a  white  frost  on  the  morning  of  Septeml)er  25:  also  on  the 
morning  of  ()<tober  9.  It  is  also  stattsl  these  birds  will  remain  as  long 
as  there  are  flowers.  There  was  an  abundance  of  flowers  until  October 
thirteen,  wlien  then*  was  a  killing  frost. 
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The  Moulting  Mechanism  in  the  Heads  op  Lizards. 


By  H.  L.  Bruneb. 


(Abstract.) 
One  of  the  uiuseles  of  this  mechanism  was  described  before  tlie  Acad- 
emy of  Science  several  years  ago   (1).     The  complete  mechanism,  which 
I   have  recently  described  in  the  American  Journal  of  Anatomy   (2),  In- 
cludes the  following  more  ini])ortant  parts: 

1.  The  veins  and  blood  sinuses  of  the  head. 

2.  Special  muscles  which  distend  the  sinuses  and  raise  the  venous 
blood  pressure.  One  of  these  nmscles  (m.  constrictor  venae  jugularis  in- 
teniae)  invests  the  chief  cephalic  vein  at  the  point  where  it  passes  from 
the  head  into  the  neck.  A  second  muscle  (m.  protrusor  oculi)  lies  behind 
the  orbit  in  close  relation  to  the  large  orbital  sinus. 

3.  The  cardio-accelerator  mechanism.  During  the  oi>eration  of  the 
moulting  mechanism  the  numl>er  of  heart-beats  increases  and  a  larger 
amount  of  blood  is  sent  to  the  head. 

In  the  operation  of  the  moulting  mechanism  two  stages  occur.  The 
first  stage  Is  characterizefl  by  contraction  of  the  constrictor  muscle  and 
by  acceleration  of  the  lieart-beat.  The  veins  and  sinuses  of  the  head  are 
distended  with  blood;  the  eyes  protrude.  The  second  stage  is  caused  by 
contraction  of  the  protrusor  muscle  and  others  which  press  upon  the  dis- 
tended vessels  and  raise  the  bloo<l  pressure  to  a  higher  level. 

The  distension  of  vessels  and  elevation  of  bloml  pressure  aid  in  exuvia- 
tion by  stretching  the  skin  and  by  facilitating  the  processes  of  metabolism. 
The  moulting  mechanism  may  be  set  in  motion  in  an  experimental  way 
by  the  application  of  court  plaster,  or  similar  material,  to  the  head. 

In  snakes  and  turtles  the  imternal  jugular  vein  is  provided  with  a 
constrictor  muscle,  but  the  protrusor  oculi  is  wanting.  The  simi^ler  mechan- 
ism of  these  forms  probably  has  the  same  function  as  the  more  compli- 
cated apparatus  of  the  lizards. 

1  Proc.  Ind.  Acad.  Science,  1898,  p.  229. 

2  Am.  Jour.  Annt.,  Vol.  VII.  19(>7,  pp.  1-117. 
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The  Relation  of  the  Degree  of  Injury  to  the  Rate  of 
Regeneration  and  the  Moulting  Period  in  the  Gammabus. 


Mary  T.  Harm  an. 


INTKODIJCTION. 

Ill  1905  iu  some  exix»riineiits  on  the  cniytiHli,  Zeleny  found  that  in 
the  series  of  crayfish  with  the  greater  degree  of  injury  each  chela  regen- 
erated more  rapidly  than  the  chela  in  the  series  with  tlie  lesser  degree 
of  injury.  He  also  found  that  the  members  of  the  series  with  the  greater 
degree  of  injury  moulted  more  rapidly  than  the  members  of  the  series 
with  tiie  lesser  degree  of  injury.  In  1000.  in  some  experiments  on  the 
lobster,  Ennnel  found  that  in  the  series  of  lobsters  with  tlie  lesser  degree 
of  inj»n*y  the  regeneration  was  more  rapid  than  in  the  series  with  the 
greater  degree  of  injury  and  the  members  of  the  series  with  the  lesser 
degree  of  injury  moulted  mon»  rapidly  than  the  members  of  the  series 
with  the  greater  degree  of  injury. 

During  the  summer  of  1905  at  tlie  Indiana  University  Biological  Sta- 
tion at  Winona  Lake,  Indiana,  the  author  tried  some  experiments  on  gam- 
nmrus.  The  death  rate  was  so  great  that  the  number  of  animals  of  each 
series  that  survived  was  only  six,  and  those  showed  little  difference  In 
the  ix»r  cent,  of  regenenUion.  The  series  with  the  lesser  degree  of  Injury 
showed  a  little  greater  per  cent,  of  regeneration  than  the  series  with  the 
greater  degree  of  injury.  Xo  observations  were  made  on  the  relation  of 
the  degree  of  injury  to  the  moulting  iM?riod.  During  the  summer  of  1907 
at  the  same  i)lnce  the  author  tried  some  similar  ex])erinients  on  the  same 
gammarus.  The  death  rate  was  again  great  and  the  difference  in  the 
per  cent,  of  regeneration  was  less  than  in  the  first  experiments.  The  degree 
of  injury  mad**  very  little  difference  in  the  length  of  the  moulting  i>eriod. 

METHOD. 

The  gannnarus  used  in  these  (experiments  were  obtained  from  Winona 
Lak<^  Indiana,  near  the  mouth  of  Cherry  Creek.  On  July  9,  1905,  about 
two   hundn'd   irannnarns   were  taken   from   the   lake  near  the  mouth   of 
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Cherry  Creek  and  put  in  a  glass  Jar  partially  filled  with  lake  water.  On 
July  11,  sixty  of  these  were  selected  for  operation.  The  right  hind  leg  was 
removed  from  each  of  thirty  and  the  two  pairs  of  hind  legs  were  removed 
from  the  other  thirty.  Each  series  was  put  into  a  glass  dish  partially 
filled  with  lake  water.  The  water  was  changed  daily.  At  the  end  oC 
eightt»en  days  the  death  rate  had  been  so  great  that  only  six  individuals 
of  each  series  survived.  On  examination  it  was  found  that  some  regenera- 
tion had  taken  place  and  it  was  thought  best  to  kill  those  that  survived. 
They  were  killed  in  eighty-five  per  cent,  alcohol.  The  right  hind  leg  of 
each  individual  was  removed  and  measured  under  the  microscope  segment 
by  segment.  Likewise  the  right  second  leg  was  removed  and  measured. 
A  comparison  was  made  between  the  regenerated  right  hind  leg  and  the 
normal  right  second  leg.  Also  the  body  length  was  measured  and  its 
length  was  compared  with  the  length  of  the  regenerated  right  hind  leg. 

On  July  8,  1907,  the  author  took  several  gammarus  from  the  lake  near 
the  mouth  of  Cherry  Creek.  On  July  8,  9,  and  10  the  right  hind  leg  was 
removed  from  each  of  twenty-six  individuals  and  the  two  pairs  of  hind 
legs  were  removed  from  thirty  individuals.  This  time  the  legs  were 
mounted  In  glycerine.  Each  gammarus  was  placed  In  a  separate  dish. 
The  animals  were  fed  every  five  days  and  the  water  was  changed  daily. 
Two  days  after  the  moult  the  gammarus  were  killed  In  eighty-five  per  cent, 
alcohol.  The  right  hind  leg  was  removed  and  measured  as  before.  The 
length  of  the  regenerated  leg  was  compared  with  the  length  of  the  original 
leg. 

On  July  17  several  gammarus  were  taken  from  the  lake  In  about  the 
same  place  as  before.  They  were  put  In  S€*parate  dishes  partially  filled 
with  lake  water.  The  water  was  changed  dally  and  the  animals  were  fed 
every  five  days.  One  day  after  the  moult  either  the  right  hind  leg  or  the 
two  pairs  of  hind  legs  were  removed.  The  removed  legs  were  mounted  in 
glycerine.  Two  days  after  the  second  moult  each  animal  was  killed  In 
eighty-five  per  cent,  alcohol.  The  right  hind  leg  was  removed  and  meas- 
ured as  before.  The  length  of  the  regenerated  right  hind  leg  was  com- 
pared with  the  length  of  the  original  leg. 
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Explanation  of  Tables — 

From  the  individuals  iu  series  A  the  two  i)airs  of  hinds  legs  were 
removed.  From  the  individuals  in  series  B  the  right  hind  leg  was  removed. 
The  per  cent,  of  regeneration  was  obtained  by  dividing  the  length  of  the 
r^enerated  leg  by  the  length  of  the  leg  with  which  it  was  compared. 

The  animals  of  tables  I  aud  II  are  those  ou  which  the  experiments 
were  tried  in  1905.  The  i)cr  cent,  of  regeneration  was  also  obtained  by 
dividing  the  regenerated  leg  length  by  the  body  length. 

The  animals  of  tables  III  and  IV  are  those  that  were  kept  until  tWy 
had  moulted  a  second  time. 

The  animals  of  tables  V  and  VI  are  those  that  were  operated  upon  on 
the  next  day  after  the  moult. 

Tables  VII,  VIII,  IX.  and  X  jrive  the  date  of  ojieration,  date  of  moult 
the  time  l>etween  moults  and  tlie  por  (i^it.  of  regeneration. 

Discussion  of  results — 

Table  I  shows  that  the  average  ikt  cent,  of  regeneration  as  measured 
by  comparing  the  length  of  the  regenerated  right  hind  leg  with  the  length 
of  the  normal  right  second  leg  in  series  A  is  82.25.  Table  II  shows  that 
the  per  cent,  of  regenenition  as  measured  by  comi>arlng  the  length  of  regen- 
erated right  hind  leg  with  the  length  of  normal  right  second  leg  is  84.79. 
This  shows  that  the  series  with  the  lesser  degree  of  injury  has  regenerated 
2.54  i)er  cent,  more  than  the  series  with  the  greater  dgree  of  injury.  This 
difference  is  scarcely  enough  to  take  into  account. 

Table  III  shows  that  the  average  i)er  cent,  of  regeneration  as  meas- 
ui'ed  by  comparing  the  length  of  the  regenerated  right  hind  leg  with  the 
length  of  the  removed  right  hind  leg  iu  series  A  is  60.8.  Table  IV  shows 
that  the  per  ct»nt.  of  regeneration  as  measured  in  the  same  way  as  series 
A,  table  III,  in  8<^ries  B  is  62.5.  This  shows  that  the  series  with  the  lesser 
depn'e  of  injury  has  regenerated  1.7  per  cent,  more  than  the  series  with 
the  greater  de-zree  of  injury.    This  difference  is  less  than  before. 

Table  V  shows  that  the  i>er  cent,  of  regeneration  as  measured  as  above 
in  series  A  is  fW.o.  Table  VI  shows  that  the  per  cent,  of  regeneration 
measured  as  above  in  series  B  is  50.5.  This  shows  that  the  series  with 
the  greater  degree  of  injury  has  regenerated  1  per  cent,  more  than  the 
series  with  the  lesser  degree  of  injury.  In  each  case  the  two  series  com- 
pare<l  were  troated  in  as  nearly  the  same  way  as  iK)ssible  with  the  excei)- 
tlon  of  the  degree  of  injury. 
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Table  VII  series  A  shows  an  average  of  16  2-7  days  between  moults. 
Table  VIII,  series  B,  shows  an  average  of  15  days  between  moults.  This 
shows  that  the  series  with  the  greater  degree  of  injury  has  an  average 
of  1  2-7  days  longer  between  moults  than  the  series  with  the  lesser  degree 
of  injury. 

Table  IX,  series  A,  shows  an  average  of  13  2-3  days  between  operation 
and  moult,  which  would  make  14  2-3  days  between  moults.  Table  X, 
series  B,  shows  an  average  of  15  4-5  days  between  the  operation  and  the 
moult,  which  would  make  a  period  of  164-5  days  between  moults.  This 
shows  that  the  series  with  the  lesser  degree  of  injury  has  an  average  of 
1  2-15  days  longer  period  between  moults  than  the  series  with  the  greater 
degree  of  injury.  An  average  of  the  two  sets  of  observations  shows  prac- 
tically no  difference  between  the  length  of  the  moulting  period  of  the 
series  with  the  greater  degree  of  injury  and  the  series  with  the  lesser 
degree  of  injury.  In  each  case  the  series  with  the  longer  period  between 
moults  has  the  lesser  per  cent,  of  regeneration.    Conclusions: 

1.  The  degree  of  injury  of  the  gammarus  has  no  effect  on  the  rate 
of  regeneration  in  the  legs  of  the  gammarus. 

2.  The  degree  of  injury  in  the  gammarus  has  no  effect  on  the  length 
of  the  moulting  period  of  the  gammarus. 
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The  Influence  of  Environment  on  Man. 

By  JiOBEBT  Hessler. 

(Abstract.) 

The  paper  traeeil  in  broad  Hues  tbe  iuflueuce  of  latitude  as  seen  iu 
tlie  frigid,  torrid,  and  te!ni>erate  zones.  Factors  that  bear  on  the  matter 
of  health  and  ill-health  were  taken  up  in  some  detail  for  the  temperate 
zone. 

Local  State  conditions  were  then  taken  up  from  the  standpoint  of 
the  biologist  and  evolutionist,  beginning  with  the  primitive  inhabitants, 
the  Indians;  the  absence  of  diseases  on  account  of  their  environment  and 
customs  was  commented  on.  The  white  settlers  who  came  in  belonged  to 
a  race  where  elimination  through  the  action  of  disease  had  been  going  on 
actively  for  ages  and  among  whom  the  more  susceptible  had  been  kille<l 
off  and  were  still  being  killed  off,  but  today  largely  dependent  on  modi- 
fiable disease-producing  conditions. 

Individuals  or  families  or  strains  whose  history  goes  back  to  Euro- 
pean city  life  may  show  quite  a  dilTerent  reaction  to  present  day  environ- 
ment than  does  that  of  those  whose  ancestry  goes  back  to  country  life 
with  little  elimination  on  account  of  diseases.  The  early  Jews  who  ar- 
rived in  this  country  were  almost  exclusively  from  the  cities  where  the 
disease  weeding  out  process  had  been  most  severe;  the  Jews  coming  in 
today  are  mainly  from  the  country  districts  where  the  air  conditions  are 
good,  and  when  these  crowd  into  our  dirty  cities  many  fail.  Asiatics, 
again,  coming  from  the  highly  unsanitary  cities  are  able  to  thrive  in  our 
own  cities,  because  they  are  the  survival  of  the  fittest,  fittest  to  live  under 
unsanitary  surroundln;?s. 

Among  tht'  descendants  of  the  pre-revolutionary  Immigrants  to  this 
country  we  have  to  consider  the  ancestral  urban  or  rural  life,  and  similar 
life  conditions  since  in  this  country,  with  its  attendant  elimination  or 
uon-elimlnation.  A  hardy  stock  transferred  to  an  isolated  environment 
as  to  the  southern  mountains,  is  to  a  large  extent  exempted  from  ex- 
posure to  diseases   and  practically  all   the  offspring   may  reach  the  re- 
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productiTe  stage;  when  removal  to  the  crowded  city  takes  place  elimina- 
tion through  disease  is  apt  to  go  on  actively. 

Reaction  to  environment  varies  greatly,  from  ii  feeling  of  health  to 
illhealth  and  disease.  Pain  is  to  be  regarded  as  a  warning  from  nature 
and  plays  an  important  role  in  the  process  of  adaptation  to  environment. 
Some  strains  or  individuals  are  wholly  unadapted  to  city  life  with  its 
manifold  disease-producing  conditions.  Many  disease-producing  conditions 
have  been  eliminated  from  city  life  today,  others  are  more  active  than  ever, 
notably  the  impure  air  factor. 

A  study  of  simple  country  conditions,  of  village  conditions,  of  town 
and  small  city  conditions  may  shed  much  light  on  the  complex  city  life. 
Much  of  the  illhealth  and  disease  of  the  larire  city  is  preventable  and  the 
lives  of  many  can  be  lengthened.  The  erection  of  more  hospitals,  as  ordi- 
narily conducted,  is  not  a  remedy  for  correcting  the  evils  of  city  environ- 
ment; the  environmental  influences  are  themselves  to  be  largely  altered. 
Much  depends  on  education  and  there  is  urgent  need  for  an  institution 
that  will  take  up  the  study  of  factors  operative  today. 
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Some  Notes  on  the  Habits  of  the  Common  Box  Turtle 

{Cistudo  Carolina). 


(JlKNN   CUIJiERTSON. 


Duriug  the  latter  part  of  last  July,  while  passing  through  an  exten- 
sive tract  of  woodland  in  the  so-called  "Flats"  or  "Slashes"  of  Jefferson 
county,  I  noticed  a  very  unusual  number  of  the  common  box  turtle  in  a  pool 
of  muddy  water.  The  pool  was  less  than  ten  feet  in  diameter  and  was 
frequented  by  a  number  of  hoj<s  as  a  wallow. 

On  removing  from  the  pool  the  turtles,  some  of  whitrh  were  visible 
and  others  completely  buried  in  the  soft  mud,  I  counted  si»venty-two.  They 
were  all  sizes  from  two  or  three  inches  in  length  up  to  eight  inches.  The 
largest  had  the  number  18G7  carved  on  its  under  side,  the  number  in  all 
probability  having  been  plac*ed  there  during  that  year. 

The  number  of  these  animals  found  in  this  pool  is  certainly  remark- 
able. I  have  spent  many  hours  in  the  woods  and  fields  of  Jefferson  and 
other  counties  of  southeastern  Indiana,  and  have  never,  until  on  this  oc- 
casion, seen  more  than  two  or  three  of  these  turtles  together,  or,  in  fact, 
during  any  one  day. 

The  explanation  of  this  unusually  large  gathering  of  these  turtles  is 
probably  found  in  the  intense  heat  of  the  ten  days  or  two  weeks  pre- 
ceding the  date  of  their  observation.  Although  the  soil  was  not  at  all 
dry,  the  heat  proba!)ly  drove  them  to  the  pool  from  all  sides.  On  the 
same  day  I  observed  two  other  turtles  burying  themselves  in  a  muddy 
spot  but  a  loot  or  .so  in  diameter. 

When  I  had  returned  the  animals  to  the  pool,  and  while  observing 
them  from  a  distance  a  number  ol  hogs  approached,  and  in  a  few  moments 
several  of  the  lari;ost  had  each  picked  up  a  turtle  aud  were  endeavoring 
to  crush  the  shells.  I  watched  t!ie  performauce  with  considerable  interest, 
as  I  had  previously  supposed  iliat  forest  fires  were  about  the  only  enemy 
of  these  turtles.  To  my  sun^rise  the  largest  hogs,  after  many  attempts, 
and  with  a  noise  as  though  cracking?  walnuts,  succeeded  in  crushing  the 
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sheUs,  aud  surrounded  by  u  group  of  smaller  animals  of  their  kind,  squeal- 
ing for  a  share,  they  ate  the  contents  with  evident  satisfaction. 

I  drove  the  hogs  away,  but  on  revisiting  the  place  a  few  hours  later- 
I  found  that  the  hogs  had  returned,  and  that  they  had  crushed  and  eaten 
the  greater  number  of  tlie  smaller  turtles,  and  some  that  were  as  much 
as  six  inches  in  length. 

From  these  observations  It  would  seem  that  the  hog  has  been  one 
of  the  principal  enemies  of  this  turtle,  and  that  in  recent  years,  since  few 
hogs  have  been  allowed  to  range  tho  woods  and  fields,  the  box  turtle  has 
been  rapidly  increasing  in  number. 
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The  Pekonosporales  of  Indiana. 

Guy  West  Wilson. 

The  spec'ioH  of  tbiH  order  of  fuugi  are  uU  parasitic  upou  the  tiigher 
plants  aud  an'  of  two  types  known  respectively  as  the  White  Rusts  and 
tlie  Downy  Mildewx.  The  White  Kusts  {Alhuyo)  are  easily  recognized  by 
their  milk-white,  ^llstenini:  sori  whldi  are  produced  on  the  leaves  and 
HtoniH,  and  even  on  tlie  liowers  and  fruits  of  various  weeds  aud  a  few 
UKefnl  plants.  The  l><>wny  Mildews  produce  white  mould-like  patches 
ui>on  the  under  surface  of  the  leaves  of  various  plants.  To  this  group 
belongs  the  Downy  Mildew  of  tin*  grape  {Rhysotheca  viticola  (B.  &  C.)  G. 
W.  Wilson)   which  is  one  of  our  most  destructive  fungous  diseases. 

Our  knowle4lg(>  of  tiie  Indiana  species  of  the  order  is  in  a  great  de- 
gree due  to  the  work  of  the  late  Dr.  L.  M.  Underwood,  whose  **List  of 
Cryi)togams  at  Tresent  Known  to  Inhabit  the  State  of  Indiana"*  contains 
a  list  of  fourt(»en  species  of  thrtx*  genera  on  twenty-seven  hosts  which 
were  conipletc»ly  determined,  besides  six  additional  entries  of  hosts  by 
generic  nnme  only.  As  a  result  of  a  study  of  the  material  in  the  herbaria 
of  Dr.  J.  ('.  Arthur  and  of  the  author,  a  paper  entitled  "The  Phycomycetes 
of  Indiana"  was  lu-eparod  and  presented  to  this  Academy  two  years  ago. 
This  paper  con t Mined  four  additional  species  of  this  order,  one  of  them 
being  admitted  on  the  authority  of  Dr.  W.  A.  Kelierman.  Since  this  time 
Peronosinna  finvrkvav  Kelierman  has  biH.»n  recorded  as  a  member  of  our 
lk>ra.7 

Witliin  ilu-  last  year  the  opportunity  presented  itself  of  restudying  the 
material  in  tin-  herbarium  of  Dr.  rnderw<M><l  and  of  verifying  the  deter- 
minations both  of  fuugi  and  hosts.  This  rcsulte<l  in  the  detection  of  a  new 
host  and  in  the  reduction  of  thns?  of  the  six  partially  determined  ones  to 
others  alrejuly  listed.  Subsequent  field  work  has  supplemented  the  list 
both  of  fun;ri  and  hosts  until  now  twtnty-two  si>e<*ies  of  six  genera  on 
forty -seven  hosts  :ire  known  from  the  state.  '1  he  number  of  genera 
as  comi»ared  with  previous  published  records  Is  doubled,  the  number  of 
species  has  been  increaseil  a  third,  and  the  list  of  hosts  almost  doubled. 

•Proo.  Ind.  Aoa«J.  Sci.  IKW:  31-;«.     1SS»4. 
fWilson.  TorivyH.«:lin!.    1907. 
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In  conclusion  I  wish  to  most  heartily  thank  those  botanists  who  have 
80  kindly  co-operated  with  me  in  this  work. 

FAMILY  1.     ALBUGINACBAB. 

1.    Albugo  bliti  (Biv.)  Kuntze. 

On  Acnida  tamanacina  (Nutt).   Wood,  Hamilton,  8:1907$. 
On  Amaranthus  graecezans  L.,  Tippecanoe,  10 :1907. 

On  Amaranthus  hybridu»   L.    (including   A.   sp.   of  Underwood), 

Johnson,  Putnam,  Tippecanoe  1893 :31 : — Madison,  8 :1907. 
On  Amaranthus  retroflexus  L.,  Jolmsou,  1893:31: — Hamilton. 

7:1907:  Madison,  8:1007;  Tippecanoe,  10:1905. 
On  Amaranthus    spinosus    L..    Montgomery,    1893:31: — Hamilton, 

7:1907. 
?     Albugo  ca'vdida  (Pers.)  Koussel. 

On  Brassica  arvensis  (L.)  B.  S.  P.,  l^utnam,  8:1907. 

On  Brassica  nigra    ( Ti. )    Koch,   John.sou.   Tippecanoe,    1893 :32 : — 

Hamilton,  Putnam,  7:1907. 
On  Bursa    bursa-pastoris    (Jj.)    Hrittou,    {CapaeUa   Bursa-pastoris 

Moench).  Montgomery',  Putiuini,  1893 :32 :— Hamilton,  7:1907; 

Tippecanoe,  5:190<j. 

On  Cardamine  hulhosa  (Torr.),  Brittou,  Montgomery.  1893 :32§. 
On  Dcfitaria  sp.,  Montgomery,  1893 :32. 

On  lodanthus  pinnatifldus  (Michx.),  Steud.  {Thelypodiuni  pin- 
natifidum  Wats.),  Tippecanoe,  0:1907.  (Arthur)  Herbarium 
Arthur. 

On  Lepidium  virginicum  L.,  Putnam,  7:1907. 

On  Raphanus  sativus  L..  Johnson,  Putnam,  1893:32;  Hamilton, 
7:1907. 

On  Rf/ripa   armoracea    (L.)    A.   S.   Hitchcock    (Nasturtiuyn  armo- 
racia  Fries).     Putnam,  7:1897,  7:1907;  Tippecanoe,  8:1894. 
(W.  Stewart.)     Herbarium  Arthur. 

On  Roripa  palustris  (L.)  Bessey  {NaatHrtiinn  palustre  DC),  Ham- 
ilton, 8 :1907. 

On  8inapus  alba  !•.,  Johnson,  1893:32. 


JDftta  of  collection.  Other  references  are  to  year  and  page  of  these  proceedings,  i. «., 
1898:31. 

9  The  niAterial  in  the  Underwood  berbftrium  is  labeled  as  above,  but  listtMl  as  C.  bul- 
bo$a  purpurea, 

[C— 18192] 
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On  Sisymhritim  offlcinalitf  (L.)  Scop..  Brown,  Putnam,  18d3:82:— 

Hamilton.  7:1907. 

On  Sophia  phniata  (Walt),  Britton  {Shyinbriom  cancsccns  Nutt). 
Putnam,  1893 :32 :— Tippecanoe,  5:1905. 

On  Sophia  inillcfolium  Kydberg,  Putnam,  1893:32  (as  Sisymbrium 
canescens  p.  p.). 
3.     Albl(jo  ipomoeae-panduranae  (SSchw.)  Swing. 

On  Ipomoeae  hedcracea  Jacg.  (/.  nil.),  Putnam,  Tippecanoe,  1893: 
32 :— Hamilton,  8 :1907. 

On  Jpomoca  pandiirata    (L.)   Moyor.  Johnson,  1893:32: — Tippeca- 
noe. 0:1898.     {Arthur,)     Herbarium  Arthur. 

4.      A  LB  100  PORTULACAK    (1>(\)    KuutZC. 

On  Portalaca  ohracca  h.,  Johnsrtn,  Montgomery,  Putnam,  Tippe- 
canots  189M:32:— Hamilton,  8:1907;   MadiBon,  8:1907. 
,1.     Albugo  tragopocjoms  (DC.)  S.  V.  Gray. 

On  Ambrosia  artcmissiapfolia  fj.,  Putnam.  7:1907. 

FAMILY  2.     PEIC0N0SP0KA(;EAB. 

i\.     Basidiopuoka  entosproa  Koze  and  Comu. 

On  Aatcr  norac-anglac  L.,  Tippecanoe,  T)  :1W7. 
7.     ScLERosPORA  GRA.MiNicoLA  ( Sacc. )  Schniter. 

On  Setaria  sp..   Steuben.      {Kellcrman.)      Herbarium  Ohio  State 
University. 

8.       KlIYSOTHECA    ArSTRAi.I8    (Speg.)    d.    W.    WilSOU. 

On  Sicyos  angulatus  L.,  Johnson,  1893:32: — Tippecanoe,  9:1905. 

J).      RlIYSOTIIECA  GERANII    (Pooli)    (t.    W.   WilSOU. 

On  Geranium  caroVmiannm  L.,  Putnam,  Vigo,  1893:32. 

10.  Rhysotheca  Halstedii  (Farlow)  G.  W.  Wilson. 

On  Hidcns  connata  Mvlhl.,  Johnson,  1893:32. 

On  liidai'S  frondosa   L.,   Johnson.   1893:32: — Hamilton,    Madison. 

8:11K)7;  Putnam,  7:1907. 
On  Eritjeron  annuus  L.,  Hamilton.  S:11K>7. 
On  Helianthus  annuus  L.,  Montgomery,  1893:32. 

11.  Uhysotheca  omnTENS  (SHiroter)  G.  W.  Wilson. 

On  /inpatirns  aurca  Miihl.  ( /.  pallida  Nutt),  Tippecanoe,  1893:32. 
On  Inipatiifis  bi flora  Walt.     (/.  fulva  Nutt..  /.  sp.  of  Underwood), 
Putnam.  1S9.S':32:— Marion,  5:1900. 
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12.  Rhtsotheca  vmcoLA  (B.  &  C.)  G.  W.  Wilson. 

On  Vitis  aestavilis  Michx..  Tippecanoe,  6:18^  (Arthur),  Her- 
barium Arthur;  Lake,  7:1894   (Arthur).     Herbarium  Arthur. 

On  Vitis  cordifolia  Michx.,  Johnson,  1893 :32 :— Hamilton,  Putnam. 
7:1907;  Tippecanoe,  9:1905. 

On  Viii8  lahrusca  L.  (including  Vitis  sp.  cult,  of  Underwood), 
Crawford,  Johnson,  Montgomery,  Putnam,  1898:32: — Hamil- 
ton, 7:1907;  Madison,  8:1907. 

13.  Bbemia  lacttjcae  Regel. 

On  Lactuca  canadensis  L..  Hamilton,  Putnam,  7 :1907. 
On  Lactuca  sativa  L.,   In  Greenhouses,  TipiKJcanoe,  3:1903,    (Ar- 
thur).    Herbarium  Arthur. 

14.  Pebokobpora  alta  Fuckel. 

On  Plantago  major  L.,  Johnson,  Putnam.  1893 :32 : — Hamilton, 
8:1907. 

15.  Pebonospora  cobydalib  de  Bary. 

On  Bicuaila  canadensis  (Goldie)  MiUsp.  (Dicentra  canadensis 
DC.),  Putnam,  1893 :32 :— Tippecanoe,  5:1900. 

On  Bicucula  cucularia  (L.)  Millsp.  (Dicentra  cuclaria  DC), 
Montgomery,  1893:32. 

16.  PEB0170BP0RA  EFFUSA  (Grev.)  Kabeuh. 

On  Chenopodium  alhum  L.  (including  Chenopodium  sp.  of  Under- 
wood), Johnson,  Putnam,  1893 :32 :-- -Hamilton.  8:1902;  Tip- 
pecanoe, 6:1894  (Olive). 

17.  Pebonospora  euphobuiae  Fuckel. 

On  Euphoribia  humistrata  Engelm.,  Tippecanoe.  0:1902  (Arthur). 

Herbarium  Arthur. 
On  Euphorbia  marulata  L..  Hamilton,  8:1907;  Putnam,  7:1907. 

18.  Pebonospora  ficabiae  TuI. 

On  Ranunculus  recurvatus  Poir  (including  RanuncuUm  sp.  of  Un- 
derwood). Montgomery,  Putnam.  1893:32. 

19.  Pebonospora  floebkeae  Kellerman. 

On  Floerkea  proscerpinacoides  Willd.,  Hamilton,  5:190t». 

20.  Febonospoba  pabvsitica  (Pers.)  Fries. 

On  Brassica  nigra  (L.)  Koch.,  Putnam,  8:1907. 
On  Raphanus  sativua  L.,  Hamilton,  7 :1907. 

On  Sophia  pinnata  (Walt.)  Britton  (Sisywhrium  canescens  Nutt.) 
Tippecanoe,  5:1905. 
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21.  Pkronospora  polygoni  Thiimen.     (7*.  ruvncis  Aut.  p.  p.) 

On  Polyuonum  scandens  Lr.,  JohiiHon,  1893:33: — Hamilton.  7:1907; 
Putnam,  8:1907. 

22.  Peronospoba  potentillae  de  Bary. 

On  PotentiUa    mormepalensiit    L.      {P.    norvegica    L. ),    Hamilton. 
7:1907;   Putnam,  8:1907. 
Upi)er  lown  University.  • 
Fayette.  Iowa. 
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The  Behavior  of  the  Chromosomes  in  Pinus  and  Thuya. 


I.  M.  Lewis. 

A  more  uuiforni  iuterpret^itioii  prevails  auioug  botanists  today  cou- 
cemiDg  the  reduction  of  chromosomes  in  the  spore  mother  cells  of  the 
higher  seed  plants  than  at  any  time  in  the  history  of  this  most  perplex- 
ing of  all  questions.  The  view  once  prevalent  that  the  reduction  is  brought 
about  by  two  longitudinal  fissions  of  the  chromatin  has  been  almost  en- 
tirely abandoned,  and  there  is  a  growing  belief  which  is  now  almost  uni- 
versal that  a  true  numerical  reduction  takes  place  as  proposed  by  Weis- 
mann  several  years  ago,  although  this  occurs  in  the  first  instead  of  the 
second  mitosis. 

The  question  of  the  occurrence  of  a  true  reducing  division  may  he 
taken,  therefore,  as  quite  definitely  settled.  The  investigations  which  have 
brought  about  this  condition  have,  however,  raised  new  questions  which 
are  almost  as  difficult.  Chief  among  these  questions  may  be  mentioned: 
the  individuality  of  chromosomes,  the  origin  of  chromosomes  from  the 
spirem  and  the  manner  In  which  the  characters  are  distributed  to  the  germ 
cells.  Ck>ncerning  these  questions  there  are  various  conflicting  views.  It 
is  quite  generally  accepted  among  cytologists,  that  the  maternal  and  pa- 
ternal chromatin  remain  In  a  state  of  complete  segregation  throughout  the 
growth  phase  of  the  organism  and  that  they  become  more  or  less  completely 
united  at  tiie  time  ot  synapsis.  The  l)ehavior  of  chronjosomus  in  hybii.l 
forms  has  had  a  great  influence  in  bringing  about  this  conception. 

It  is  concerning  the  origin  of  the  chromosomes  from  the  resting  neu- 
deus  and  their  union  In  synapsis  that  the  widest  difference  of  opinion  is 
held.  There  is  one  group  of  investigators  among  whom  Strasburger,  Guig- 
tiard,  Allen,  Overton  and  others  are  prominent  who  maintain  that  the 
chromosomes  of  each  ancestry  liecome  arranged  into  a  complete  spirem  pre- 
vious to  synapsis,  that  these  two  spirems  then  approach  each  other  and 
apparently  fuse  side  by  side  into  one  during  the  synaptic  phase.  Follow- 
ing synapsis  the  spirems  again  separate  somewhat  and  cross  segmentation 
takes  place.  The  somatic  chromosomes  which  have  been  so  united  side 
by  side  become  variously  oriented  toward  each  other  and  thus  giv(»  rise 
to  the  heterotype  hivalents  typical  of  this  mitosis. 
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The  opposite  view  which  has  been  supported  by  Farmer  and  Moore, 
Motticr,  Shaffner,  Jiiel  and  others,  holds  that  two  spirems  are  not  formed 
previous  to  synapsis,  but  that  the  spirem  is  formed  singly  and  the  chromo- 
somes are  arranged  tandem  in  the  spirem.  The  bivalent  chromosomes 
are  formed  by  the  spirem  segmenting  into  pieces  the  length  of  two  chromo- 
.•iiomcs.  These  i)ieces  have  often  formed  loops,  but  this  is  not  always  the 
<;is<».    Some  of  the  pieces  become  approximated  after  cross  segmentation. 

In  the  two  genera  investigate<l  there  are  no  signs  of  a  complete  spirem 
previous  to  synapsis.  The  chromatin  content  of  the  nucleus  always  exists 
as  rather  largo  granular  chromatic  lumps  connecttHi  by  delicate  anasto- 
mosing strands  of  linen.  The  number  of  th<^se  lumps  Is  quite  large,  much 
exceeding  the  number  of  somatic  chromosomes  typical  of  the  species.  Tiiere 
is,  therefore,  no  support  in  these  genera  for  the  theory  of  the  individuality 
of  chromosomes  based  on  the  idea  of  prochromosomes  as  suggested  by 
Kosenburg  for  Drosera  and  by  Overton  for  Thalictrum. 

The  first  indication  that  the  synapti<:  condition  is  ai>proaching  is  the 
withdrawal  of  the  nuclear  net  work  toward  one  side  of  the  nuclear  cavity. 
There  is  no  change  whatever  in  its  strucrture  or  staining  reaction.  Some 
of  the  chromatin  bodies  may  be  seen  lying  together  in  close  proximity,  bat 
this  is  not  interpreted  as  an  indication  that  they  are  preparing  for  subse- 
4iuent  fusion.  It  is  likewise  clear  that  an  occasional  linen  thread  follows 
for  some  distance  the  same  course  as  one  lying  near  it.  but  this  does  not 
(K-cur  with  anything  like  the  regularity  figured  by  Allen,  Cardiff  and 
others  and  is  regarded  as  occurring  too  Irregularly  to  have  any  significance. 
The  synaptic  condition  is  reached  whih*  the  nuclear  content  is  still  in  the 
form  of  a  reticulum.  There  is  no  pairing  of  chroniomeres  or  of  the  linen 
threads  connecting  them. 

The  cliromatln  emerges  from  th(i  synaptic  knot  in  the  form  of  a  rather 
broad  spirem  or  skein  whicii  frecjuently  reveals  a  double  nature  and  this 
is  intcn)rete<l  as  due  to  a  longitudinal  tission.  The  spirem  l)ecomes  quite 
<?v(»nly  distribute<l  throughout  the  cavity.  It  may  frequently  happen,  how- 
ever that  the  more  regular  spirem  gives  rise  to  a  very  irregular  and  some- 
what Inmjiy  reticulum  before  cross  segmentation.  Formation  of  the  chromo- 
somes nc>w  takes  place.  The  chromosomes  consist  of  two  somatics,  which 
have  either  become  a[)pro\imated  together  or  were  not  separated  from 
each  other  during  segmentation. 

The  chromosomes  now  become  arrange<l  in  the  spindle  plate  by  the 
action  of  the  fibers  and   their  distribulinn  to  the  daughter  nuclei  taken 
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place.  This  is  affected  in  such  a  way  that  the  members  of  the  bivalent 
are  separated  and  one  member  passes  entire  to  eacli  daughter  nucleus, 
thus  bringing  about  a  qualitative  division.  The  retreating  chromosomes 
undergo  longitudinal  fission  as  they  pass  to  the  poles.  Having  arrived  at 
the  poles,  they  soon  break  up  into  smaller  pieces,  lose  entirely  their  iden- 
tity  and  form  a  complete  resting  nucleus.  This  condition  lasts  but  a  short 
time  wlien  a  spirem  is  again  formed  which  segments  into  rod  shaped 
univalent  segments.  Tliese  segments  have  been  quite  generally  assumed  to 
be  identical  with  the  ones  which  appearcfi  at  the  poles  of  the  spindle  at 
the  close  of  the  first  mitosis,  but  since  these  segments  were  simmi  to  lose 
their  identity  entirely  there  is  no  basis  in  fact  for  such  a  supposition. 
If  these  segments  are  not  identical  with  the  grand  daughter  segments  of 
the  first  mitosis  then  this  division  is  not  e(|uational.  The  first  division 
in  both  genera  is  qualitative  and  rcductional ;  the  second  may  be  conceived 
either  as  ei]uational  or  qualitative. 

The  Investigations  on  which  this  preliminary  n»port  is  based  will  ap- 
I»ear  later  in  a  more  complete  form,  togctlier  willi  figures  illustrating  the 
entfre  prcK-ess  of  mitosis. 


The  Insect  Galls  of  Indiana. 


Mel  T.  Ckx>K. 


During  the  past  summer  I  have  received  a  large  number  of  8i)ecie8  of 
galls  from  Mr.  F.  C.  Greene,  of  New  Albany,  Indiana.  This  material  was 
collected  in  the  vicinity  ot  Winoua  Lalte  and  contained  a  number  of  well 
defined  species,  including  17  species  not  recorded  in  my  **Insect  Galls  of 
Indiana.'**  In  order  to  facilitate  the  worlc  of  future  students  on  the 
flora  and  fauna  of  the  state  and  also  to  give  records  of  distribution  to  the 
more  general  students  who  may  bo  working  over  the  material  of  a  greater 
territory,  it  has  been  considered  advisable  to  publish  descriptions  of  these 
additional  si)ecies. 

Mr.  Greene's  collection  and  also  my  own  Indiana  collections  made  some 
years  ago  contain  a  number  of  species  which  I  am  unable  to  determine 
at  this  time  and,  in  fact,  many  which  I  believe  to  be  undescribed.  My 
studies  were  made  primarily  from  the  standpoint  of  the  botanist,  and  as 
all  students  of  these  groups  well  know  there  are  frequently  many  difficul- 
ties in  making  satisfactory  determinations  unless  the  inse<'t8  are  taken 
into  consideration.  In  most  cases  1  did  not  have  the  insects,  but  made 
my  determinations  from  the  galls.  However,  I  hoi>e  to  take  up  the  re- 
maining species  at  a  later  date  and  make  satisfactory  disi>osition  of  them. 

A  summarization  of  the  facts  present<Hl  In  this  paper  gives  the  fol- 
lowing: an  addition  of  17  new  species  of  galls  making  a  total  of  82 
species  known  to  the  state.  An  addition  of  5  new  genera  making  a  total 
of  33  genera.*  The  host  plants  named  in  this  list  gives  us  two  new  orders, 
five  new  fa  mi  lies  and  ten  new  genera  of  host  plants. 

*29th  Annual  Report  of  the  Department  of  Geology  ftnd  Natural  ReHOurces  of  Indi- 
una.  1904.  pp.  801-867. 

*My  InHect  (valis  of  Indiana  srave  25  Genera,  bat  Aldrich  in  his  Cataloirue  of  North 
American  Diptcra  (1905 >  transfers  Cecidomyia  stroblloides  O.  S.  to  the  ^enus  Bhabdo 
pbaiira,  Cecidomyia  solidairinis  Loew  to  the  grenus  Dasyneura,  and  Trypeta  solidasinj} 
Fitch  to  the  ereiius  Durosta.  thus  brincring:  my  list  from  25  to  28  grenera. 
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The  new  orders,  families  aud  genera  are  indicated  in  the  following 
table  by  italics. 

Orders.  Families,  (ienera. 

Salicales    Salicaceae  Salix. 

Juglandales    ^Juglaudaeeae    Ilicoria. 

Quercus. 

Rosales    Rosaeeae   Spiraea. 

Sapindales    Bulsaminaceae    /uipatiens. 

Khamnales   Vitaceae    Vitis. 

Eridales    Vacciniaceae    1  arcinium. 

Polmomiales   Labiate    alccoma. 

Monarda. 

Vichoriaceas    La<ituca. 

Ambrosiaceae  imhrosut. 

Campanulales    V<M'ii<)nia. 

Compositae Krificron. 

.',*in]hrc1cia. 


HYMENOPTERA. 

CYNIPIDAE. 
DiASTBOPHUs   siMTLis   Bassett. 

DiMtrophus  simUis — 

Bassett,  Can.  Entom.  Vol.  XIII,  No.  5,  May  1881.  p.  95. 

Smith.  N.  J.  State  Bd.  Agriculture  1899. 

Ashmead,  Trans.  Amer.  Ehitom.  Soc.  1885.  p.  294. 

Dalla  Torre,  Cat  Hymen.   (Cynipidae)   Vol.  II.  1893.  p.  108. 

Cook,  Ohio  Nat  Vol.  Ill,  No.  7  1903,  p.  428. 

Cook,  Ohio  Nat  Vol.  IV,  No.  6  1904.  pp.  119.  120. 

This  gall  is  spherical  in  shape  varying  from  Vs  to  %  inch  in  diameter, 
with  one  and  sometimes  more  larval  chambers  in  the  center.  Tho  larval 
chamber  is  held  In  place  by  very  coarse  fibres  which  radiate  from  the 
center  to  the  thin  outside  covering.  It  is  a  pale  green  color  and  occurs 
on  the  leaves  and  petioles  of  Otecoma  f ted  era  cm.  Sometimes  two  or  more 
Kails  coalesce   forming  a  compound  structure.     It  was  at   first  <lesrTlb€»d 
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by  Bassett  from  Connecticut  and  Long  Island  material  in  1881.  It  has 
since  been  rej)orted  from  New  Jersey  by  Smith  and  the  writer  has  »'oi- 
lected  it  in  Ohio. 

Andbicus   siNGtrLABis   Kassett. 

Vynips  quercus-singularis — 

Bassett,  Proc.  Entoraol.  Soc.  Phil.  Vol.  11,  1863.  p.  32G. 

Cynips  Hngularis — 

Osten-Saclten,  Proc.  Entom.  Soc.  Phil.  Vol.  IV,  1865,  p.  355. 

Walsh,  Amer.  Ent.  Vol.  II.  1870.  p.  184. 

Osten-Saekep,  7th  Kept.  I*.  S.  Geol.  &  Geog.  Sur.-Zool.  1873  &  74.  p.  567. 

Andricua  smgularis — 

Bassett,  Amer.  Nat.  Vol.  XVI.  p.  246. 

Mayr,  20  Jahresber.  Comm :  Oberrealsch.  I.  Bes.  1881.  p.  28. 

Ashmead,  Trans.  Amer.  Entomol.  Soc.  Vol.  XII.  1885,  p.  295. 

Gillette,  27th  Ann.  Agri.  Rpt  of  Mich.  1888,  p.  469. 

Gillette,  Psyche  Vol.  V.  1889.  p.  186. 

Gillette,  Proc.  Iowa  Acad.  Scl.  Vol.  I.  Pt.  2.  1890-91.  pp.  110-114. 

Packard,  5th  Rpt.  L\  S.  Ent.  Com.  (Forest  Insects)  1890.  p.  105. 

Beutenmtlller,  Bui.  Amer.  Mus.  Nat.  Hist.  Vol.  IV.  No.  1.  1892.  p.  256. 

Dalla  Torre,  Cat.  Hymen.    (Cynipidae)    Vol.   II.  1893.  p.  100. 

Smith,  N.  J.  State  Bd.  Agriculture.  1899. 

Beuteumiiller,  Amer.  Mus.  Jour.  Vol.  IV.  No.  4.  1904.  p.  15. 

This  gall  is  formed  in  the  spring  and  early  summer,  is  spherical,  gre&i 
and  varying  from  %  to  %-inch  in  diameter.  The  larval  chamber  is  oblong 
and  is  held  in  its  place  by  radiating  fibers.  The  outer  covering  is  smooth 
and  thin.  It  is  so  placed  in  the  leaf  that  2-3  project  below  the  lower 
surface  and  1-3  above.  It  very  much  resembles  Amphibolips  inanls  O.  S. 
except  that  it  is  smaller.  It  has  been  reported  by  Bassett  from  Connecti- 
cut and  has  since  been  reported  from  New  York,  New  Jersey,  Iowa,  Michi- 
gan. The  writer  has  also  collected  it  In  Ohio.  The  reports  thus  far  Indi- 
cate that  it  is  restricted  to  Quercus  rubra. 

(Note. — The  gall  described  by  me  in  Insects  galls  of  Indiana.  29th  Bpt 
of  the  Dept.  of  Geol.  and  Nat.  Res.  of  Indiana  1904,  p.  836,  as  Holcaspis 
centricola  O.  S.  was  an  error  and  should  have  been  described  as  A.  sin- 

sjularis  Bassett.) 
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AuLux  TUMIDU8  Bassett. 

Aulax  tumidus — 

Bassett,  Trams.  Amor.  Ent.  Soc-.  Vol.  XVII.  181K).  p.  92. 
Beutenmtiller,  Bnl.  Amcr.  Mus.  Nat.  Hist.  Vol.  IV.  No.  1.  18J)2.  p.  263. 
Beutemniiller,  Amer.  Mus.  Jour.  Vol.  TV.  No.  4.  1904.  p.  23. 

Aulax  tumida — 

Dalla  Torre,  Cat.  Hymen.     (('>niipldao)  Vol.  II.  1893.  p.  125. 

This  gall  Is  a  large,  thick,  knotty,  irregular,  rather  ovate  swelling 
which  may  be  so  small  as  to  bo  scarcely  noticeable  or  which  may  attain 
a  length  of  two  or  three  inches  and  a  dianielor  of  one  inch.  It  is  usually 
near  the  siimmit  of  the  stalk  and  covered  with  the  short  flower  stems  of 
the  panicle.  The  larvae  are  numerous,  each  enclosed  In  a  thin  transparent 
chamber  and  imbedded  in  the  soft  pithy  tissue  which  fills  the  gall.  It 
occurs  on  Lactuca  canadense  and  po.«isibly  on  other  species.  It  was  first 
described  by  Bassett  who  does  not  state  tlie  source  of  his  material.  It  has 
since  been  reported  from  New  York  and  tht»  author  has  collected  it  in 
Ohio  and  Delaware.  It  no  doubt  has  a  very  wide  rang(»  and  always  oc- 
curs on  Lactuca, 

SoLRNozoiMiKRiA  vAiciNii  Ashmcad. 

Solenozopheria  vaccinii — 

Ashmead,  Trans.  Amer.  Ent.  SSoc.  Vol.  XIV.  1887.  p.  149. 
Dalla  Torre.  Cat.  Hymen   (Cynlpidae)   Vol.  II.  1893.  p.  57. 
Beutenmtiller.  Amer  Mus.  Jour.  Vol.  IV.  No.  4.  1904.  p.  22. 

A  more  or  less  irregular,  usually  reniform  gall  varying  from  Vj  to 
1  inch  in  length,  occasionally  longer  and  may  be  as  much  as  Vis-inch  in 
diameter.  Green  and  rather  pithy  in  summer,  be<'oniing  brown,  hard  and 
rather  woody  in  winter.  Contains  a  large  number  of  larval  chamb(»rs. 
It  occurs  on  the  stems  and  is  restricted  to  one  side,  causing  the  twig  to 
be  so  curved  as  to  occupy  the  concave  surface*  of  the  gall.  This  gall  was 
first  described  by  Ashmead  from  collections  on  Florida  material  of  Vac- 
cinium  corymhosum.  He  also  states  that  he  received  what  appeared  to  b(» 
the  same  gall  on  V.  pennsylvanicum  from  Mr.  Wni.  Brodie,  of  Toronto, 
Oana<la.  It  has  also  been  rejwrted  from  New  York  by  B(»ut«4initiller.  The 
writer  has  collected  it  in  Delaware  on  I',  rorj/mho.sufn  aiul  aii(>ther  unde- 
t€?rmined  species  of  Vucck^inm.    ('ollectcfl  in  Indiana  on  1'.  corymhosum. 
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TENTHREDINIDAE. 

PONTANIA   DESMODIOIDES  Walsll. 

Nematus  salicis  desmodioides — 

Walsh,  Proc.  Ent.  Soc.  Phil.  Vol.  VI.  1868.  p.  257. 

Norton,  Trans.  Amer.  Ent.  Soc.  Vol.  I..  1867.  p.  211 

Dalla  Torre,  Cat  Hymen.  Vol.  I.  1894.  p.  259. 
Nematus  inquUinua — 

Walsh,  Proc.  Ent.  Soc.  Phil.  Vol.  VI.  1806.  p.  260. 

Norton,  Trans.  Amer.  Ent.  Soc.  Vol.  I.  1867.  p.  213. 

Provancher,  Can.  Nat.  Vol.  X.  1878.  p.  57. 

Provancher,  Faun.  Ent.  Can.  Hymen.  1883.  p.  190. 

Dalla  Torre.  Cat.  Hymen.  Vol.  I.  1894.  p.  230. 
Pontania  inquilina — 

Marlatt.  Proc.  Ent.  Soc.  Wash.  Vol.  III.  1895.  p.  266. 
Pontania  desmodioides — 

Marlatt,  U.  S.  Dept.  Agri.  Div.  Ent.  Tech.  Ser.  3.  p.  40.  1896. 

This  gall  has  been  recently  described  by  Marlatt  as  follows:  '*The 
gall  is  found  on  Salix  humilis.  It  is  smooth,  tlattish,  fleshy,  sessile,  yellow- 
ish green,  monothalamous,  semi-circular  in  general  shape  like  the  seed  of 
a  Desmidium  or  the  quarter  of  an  orange.  It  is  about  equally  divided  be- 
tween the  two  surfaces  of  the  leaf;  no  rosy  cheek.  Generally  there  is  but 
one  gall  on  the  leaf ;  one  leaf  was  seen  with  three  upon  it  Length  0.23  to 
0.50  inch."  It  has  since  been  reported  from  Massachusetts,  New  York, 
Indiana,  Illinois,  Miasouri,  and  Canada. 

Pontania  pomum  Walsh. 

Sematus  salicis  pomum — 

Walsh.  Proc.  Ent.  Soc.  Phil.  Vol.  VI.  1866.  p.  255. 
Norton.  Trans.  Amer.  Ent  Soc.  Vol.  I.  1867.  p.  216. 
Walsh  and  Riley,  Amer.  Ent  \o\.  II.  18(;9.  pp.  45-49. 
Riley,  9th  Rept.  Ins.  of  Mo.  1877.  p.  20. 
Thomas.  10th  Rept.  Ins.  of  Ills.  1881.  p.  68. 
Provancher.  Nat  Can.  Vol.  XIII.  1882.  p.  292. 
Provancher.  Can.  Hymen.  1883.  p.  741. 
Cn^sson,  Syn.  llynun.  Amer.  1887.  p.  157. 
Lintiier,  f\X\\   Rept    Ins.  of  N.  Y.   1889.  p.   1T:i. 
Dalla  Torre.  Cat.  Hymen.  Vol.  I.  1894.  p.  259. 


93 

Nematus  hospU — 

Walsh,  Proc.  EDt.  Soc.  Phil.  Vol.  VI.  1806.  p.  261. 

Norton,  Trans.  Amer.  Ent.  Soc.  Vol.  I.  1867.  p.  218. 

Dalla  Torre,  Cat.  Hymen.  Vol.  1.  1894.  p.  229. 
Nematus  pamum — 

BeutemnUller,  Bull.  Amer.  Mus.  Nat.  Hist.  Vol.  IV.  No.  1.  1892.  p.  203. 

BeutenmUller.  Amer.  Mus.  Jour.  Vol.  IV.  No.  4.  1904.  p.  23. 

Cook,  Ohio  Nat.  Vol.  IV.  No.  0.  1904.  p.  143. 
Potania  hoapes — 

Marlatt,  Proc.  Ent.  Soc.  Wash.  Vol.  III.  1895.  p.  26H. 
Potania  pomum — 

Marlatt,  I'.  S.  Dept.  Agrl.  Dlv.  Ent.  (Tech.  Ser.)  No.  3.  1896.  p.  36. 

This  gall  has  recently  been  described  by  Marlatt  as  follows:  "The 
gall  8,  pomum  found  on  Salijp  cordata  and  very  rarely  on  S.  discolor.  A 
smooth,  fleshy,  globular,  or  slightly  oval  monothalamous  gall,  like  a  minia- 
ture apple,  0.3(»  to  0.55-inch  in  diameter,  growing  on  one  side  of  the  mid- 
rib of  a  leaf,  and  extending  to  its  edge  or  beyond  it.  The  principal  part 
of  the  gall  projects  from  the  under  side  of  the  leaf;  wry  rarely  it  is 
bisected  by  the  leaf.  Color  greenish  yellow,  sometimes  with  very  rosy 
cheeks,  especially  the  upper  surface,  and  often  with  little  dots."  It  has 
been  reported  from  New  York,  Ohio  and  Illinois.  Mr.  Greene's  si^cinitMi 
is  on  5.  diHCOlord). 

DIPTERA. 

CECIDOMYIDAE. 

AsPONDYLiA  cosPicuA  Ostcu  Sackeu. 

Xspondylia  rudbeckiae  conspicua — 

Osteu  Sacken,  Trans.  Amer.  Ent.  Soi-.  Vol.  III.  1870.  p.  51. 

Beutenmtiller,  Amor.  Mus.  Nat.  Hist.  Vol.  XXIII.  Art.  XVI i.  1907,  p. 
387. 

Beutenmtiller,  Bull.  Amer.  Mus.  Nat.  Hist.  Vol.  IV.  No.  1.  1892.  p.  273. 
Aspondylia  conspicua — 

Aldrich,  Cat.  of  N.  A.  Dipt.  1905.  p.  156. 

Bergenstamm  &  Low.  Verb.  Zool.-Bot.  Gesell.  Wien.  Vol.  XXV r.  1876. 
p.  69. 

This  gall  was  first  described  by  Osten  Sacken  as  follows :  "Tiiey  wwo 
in  one  case  nearly  round,  of  the  size  of  a  large  apple;  the  other  was  an 
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aggregatiou  of  galls  of  various  sizes,  forming  a  large  excrescence.'*  It  has 
been  reportcHl  from  New  York.  North  Carolina  and  Ohio.  It  occurs  oo 
Rudbeckia  triloba  and  It.  laciniata.  Mr.  Greene's  specimen  was  on  R. 
taciniata. 

^'ECIDOMYIA    CABYAE   OsteU    SackCU. 

IHploitis  caryae — 

Osten  Sacken,  Stettin  Entomol.  Zelt.  22.  1861. 

Osten  Sacken,  Mon.  N.  A.  Dipt.  I.  1862.  p.  191. 
f.'ecidomyia  caryae — 

Aldrlch.  Cat.  of  N.  A.  Dipt.  1905.  p.  159. 

This  gall  was  originally  described  by  Osten  Sacken  as  follows:  "Gall 
Hubglobular,  smooth,  seed-like,  0.()5  to  0.1-inch  in  diameter,  with  a  small 
nipple  at  the  tip.  In  summer  they  are  yellowish-green  and  their  shell  is 
soft;  in  winter  they  become  brownish,  and  the  shell,  although  thin,  is 
hard  and  woody.  They  begin  to  grow  in  June.  I  gathered  them  In  Octo- 
ber, when  the  larva  was  full  grown.*'  He  does  not  state  the  species  of 
Hicoria  on  which  he  collected  his  material.  Mr.  Greene's  Indiana  ma- 
terial is  from  H.  alba. 

Cecidomyia  cabyaecola  Osten  Sacken. 

VeHdfurnyia  caryaecola — 

Osten  Sacken,  Mon.  of  the  Diptera  of  N.  A.  Vt.  1.  1862.  p.  192. 

Glover  M.  S.  N'otes  from  my  Journ.  Dipt,  plate  XI.  flg.  24. 

Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV.  No.  4.  1904.  p.  27. 

Smith.  \.  L.  State  Board  of  Agri.  1899. 

Heutoniniiller,  Anier.  Mus.  Jour.  Vol.  IV.  No.  4,  1904.  p.  27. 

Aldrlch.  Oat.  of  N.  A.  Dipt.  1905.  p.  162. 

These  pills  are  pale  green,  elongated,  onion-shaped  with  a  pointed 
tip.  Found  through  the  summer  in  clusters  on  the  under  side  of  the  leaves 
of  the  hi<-kory.     Frequently  associated  with  C.  holotricha.    This  gall  has 
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IxH'u  recorded  from  New  York  and  New  Jersey,  and  I  have  collected  it 
u«»ar  Sandusky.  Ohio.  It  is  said  to  occur  on  several  species  of  Hicoria. 
The  Ohio  and  Indiana  material  were  on  H.  alba. 

(Y.ciiK)MYiA    (  ?^   vERNoxiAK  BeutenmUller. 

Cvriitotnyia   (  V)   vcrnuniae — 

Houteniuullcr.  Amer.  Mus.  Nat.  Hist.   Vol.  XXIII,  Art.  XVll,  1907.  p. 
389. 
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This  gall  was  recently  described  by  BeutenmttUer  as  follows :  "Green, 
sometimes  tinged  with  red,  rounded  or  elongated  and  of  the  texture  of  the 
stem  of  the  plant  Inside  it  is  soft,  fleshy,  and  contains  a  single  larva  in 
an  elongated  narrow  channel.  length  about  7  to  12  mm.;  width  5  to 
9  mm." 

"When  dry  the  gall  becomes  brown  and  pithy  inside  and  somewhat 
resembles  a  cherry  pit.  it  is  usually  situated  on  the  midrib  of  the  leaf 
of  the  Ironweed  (Vemonia  novehoracensis) .*' 

Mr.  Beutenmilller  reports  it  from  Black  Mountains,  N.  C,  Staten 
Island,  N.  Y.,  and  Indiana;  the  last  records  being  from  the  writer's  ma- 
terial. I  have  since  collected  it  in  Delaware.  Mr.  Greene's  specimen  is 
on  Vemonia  gigantia, 

ClfiCIDOMYIA  SALICIFOLIA   OstCU    SackCU. 

Cecidompia  aalicifnlia — 

Osten  Sacken.  Proc.  Ent.  Soc.  Phil.  Vol.  VI.  p.  220. 

Aldrich,  Cat.  N.  A.  Dipt.  1905.  p.  103. 

This  gall  bears  a  striking^  resemblance  to  the  gall  of  Cecidomyia  gledit- 
schiae  O.  S.  The  leaves  are  folded  along  the  midrib,  the  edges  uniting  and 
the  sides  bulging  out,  thus  forming  a  pod  like  structure  which  may  be  ^- 
inch  or  more  in  length. 

This  gall  was  hrst  described  by  Osten  Sacken  from  material  collected 
by  Wm.  Couper  In  Quebec.  lie  also  states  that  he  found  a  similar  gall 
at  Nahant  on  Spiraea  tometUosa  and  1  have  received  from  Dr.  L.  M.  Under- 
wood, of  Columbia  University,  what  appears  to  be  the  same  gall  on  S. 
tomentosa.  I  have  collected  what  appears  to  be  the  same  gall  in  Ohio  on 
8.  aalici folia.    Mr.  Greene's  Indiana  material  is  on  -S'.  ftalicifolia. 

CF.CIDOMYIA  MTicoLA  Ostou  Sackeu. 

Cecidomyia  viiicola — 

Osten  Sacken.  Stettin.  Entomol.  Zeit.  22.  18<;i. 

Osten  Sacken,  Mon.  Dipt,  of  N.  A.  Pt.  T.  lHf;2.  p.  202. 

Williams,  8th  Rpt.  Ent.  Soc.  Ont.  1877. 

Saunders,  Ins.  Inj.  to  Fruits.  1888.  p.  292. 

Beutenmtiller,  Bui.  Amer.  Mus.  Nat.  Hist.  V(»l.  IV.  No.  1.  IS92.  p.  272. 

Smith,  N.  J.  State  Board  of  Agri.  1899. 

Beutenmilller.  Amer.  Mus.  Jour.  Vol.  IV.  No.  4.  UMH.  p.  32. 

Aldrich,  Cat  of  N.  A.  Dipt.  1905.  p.  104. 
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('ecidomyia  vitis  liUtUH — 

Uiley,  5th  Kept.  Nox.  Ins.  of  Mo.  p.  119. 

Riley,  Amer.  Ent.  Vol.  II.  pp.  28  &  113. 

Tills  pill  may  lie  eitlier  bright  green  or  crimson  red  in  color  or  any 
varintioii  between  the  two.  It  is  narrow,  elongated,  conical,  sometlmeB 
slightly  curved  at  tip  and  about  1-3  inch  in  length  and  usnally  on  the  upper 
surface  of  the  leaf  in  great  numbers.  It  occurs  on  many  species  of  Vitis 
and  has  been  reported  from  Ontario,  New  York,  New  Jersey  and  Missouri. 
The  writer  has  also  collected  it  in  Ohio.  Saunders  describes  it  in  his 
lusoctii  Injurious  to  Fruits.  So  far  as  I  know  it  does  not  attack  the  culti- 
vated jn'Jipt^s  »'iud  does  not  usually  seriously  injure  the  wild  species.  Riley 
reports  it  as  attacking  V.  cardi folia,  V.  riparia,  V.  lahusca  and  V.  vulpina, 
Mr.  (Jreene's  Indiana  material  was  on  V.  hicolor, 

Cecidomyia  tmpatientis  Osteu   Sacken. 

Cccidomyia  impatietttis — 

Osten  Sacken,  Mon.  Dipt,  of  N.  A.  Pt  1.  1802.  p.  204. 

Osten  Sacken,  Amer.  Ent.  Vol.  II.  1881.  p.  03. 

(Jlover,  M.  S.  Notes  from  my  Journal.  PI.  XI.  fig.  IC. 

Bentenmiiller,  Bui.  Amer.  Mus.  Nat.  Hist.  Vol.  IV.  No.  1.  1892.  p.  269. 

Smith,  N.  J.  State  Board  Agri.  1899. 

Beutemuiiller,  Amer.  Mus.  Nat.  Hist  Vol.  IV.  No.  4.  1904.  p.  30. 

Cook,  Ohio  Naturalist.  Vol.  IV.  No.  6.  1904.  p.  140. 

Aldrich,  Cat.  N.  A.  Dipt.  UK>5.  p.  102. 

A  spherical,  green,  semi-transparent,  succulent  swelling  at  the  base  of 
the  flowtr  or  loaf  and  containing  one  or  more  larval  chambers  Somettmes 
two  or  more  galls  unite  forming  a  conuiound  structure.  Usually  scarce. 
Has  been  roi)orted  from  New  "iork.  New  .Jersey  and  Ohio,  and  the  writer 
ha.s  recently  collected  it  in  Delaware.  Mr.  ({reene*s  material  was  on  /m- 
paiiens  hiflora  and  the  Delaware  record  is  for  /.  aurea. 

Cecidomyia  monardae  Brodle. 

Hvvidomyia  monardae — 

Brodie,  Biol.  Kov.  of  Out.  I.  18{>4.  pp.  109-111. 

Aldrich,  Cat.  N.  A.  Dii)t.  19(>Ji.  p.  102. 

Mr.  Crceno's  specimen  answers  the  description  of  Brodie's  species 
which  so  far  as  I  know  has  not  been  reported  since  Brodle's  original  de- 
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stTiptlon.  Broclle's  description  is  as  follows:  'The  gulls  iipiwar  like  swell- 
iutjs  on  the  flowerius:  hran.ohes  ol?  Monarda  fistulosa,  from  10  to  22  mm. 
long,  usually  a  little  curved  and  rotaininj;  the  quadranglar  form  of  the 
branch.  The  average  of  the  side  of  the  square  of  2u  of  the  largest  was 
3  Dim.,  and  of  the  branches  below  the  palls  1.5  mm." 

**Thl8  gall  is  usuiilly  found  on  plants  growing  in  open  wocKis,  it  Is 
very  rare  on  robust  plants  irrowing  on  exi>osed  situations." 

"The  walls  of  the  gall  are  hard  and  w<x)dy  but  thin ;  the  Interior  is 
a  soft,  pith-like  substance,  through  which  the  larva  tunnels  freely,  and 
on  which  It  fei»ds.'* 

Cecidomyia  kkegkrontis  Brodie   ( ?) 

Diplosis  ereycroni — 

Brodie,  Biol.  Rev.  of  Ont.  Vol.  I.  No.  1.  p.  13. 

( *€rUlom ifia  ercgerontia — 

Aldrlrh,  Cat.  of  N.  A.  Diptera.  ll>Or».  p.  1(52. 

This  gall  was  described  by  Brodie  as  follows:  "Variously  situated 
from  ba8t»  of  stem  to  tips  of  branches  of  flowering  panicle;  galls  irregu- 
larly cylindrical,  ta])ering  at  both  ends,  splndle-form,  those  on  the  branches 
more  or  less  spherical;  from  1  to  15  galls  on  a  plant,  seldom  more  than 
10:  found  usually  on  diminutive  plants  such  as  grow  on  wet,  sandy  places 
or  on  high  dry  banks/' 

"As  yet  I  have  not  found  these  galls  on  robust  plants." 

"The  galls  appear  like  swellings  of  the  stiMU  or  branches,  uniform  in 
color  with  the  i)!ant,  the  surfact*  with  feint  longitudinal  lines,  slightly  ele- 
vated ridges  and  ragged  transverse  elevations,  resembling  leaf  scars." 

So  far  as  I  am  able  to  determine  this  gall  has  not  been  rejjorted  since 
the  original  description,  but  during  the  past  summer  I  collected  what  ap- 
pears to  be  the  same  gall  at  T^ewes,  Dclawan*.  All  collections  to  date 
have  l)<»en  <m  Erif/cron  canadcuye. 


TKYPETIDAK. 

OeDASPIS    GIBUA    L(U*\V. 


Trypeia  gibba — 

Osten  Sacken,  Psyche.  Vol.  III.  No.  72.   1880.  i>.  5H 

[7—181921 
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(>('fia»pis  yihha — 

LcK'w.  Moil,  of  N.  A.  J)ipt.  Vol.  III.  p.  2<{(K 

AUlriHi.  Cat.  of  the  N.  A.  Dipt.  IlKir,.  p.  <»(M]. 

The  (ietoriDiimtion  of  this  i^nll  is  unc<'i*tjjin,  hut  it  is  jirobably  08i*»ii 
SarlviMi's  T.  tjihha.  whicli  was  <los<-ribtMl  from  material  colkH-te<l  by  Mr. 
J.  Holl,  Dallas,  Te.xaK.  on  A)nbrosin  sj).  Osten  Sa^-ken's  description  is  very 
short  and  as  follows:  "The  i^all  is  an  oblong  swelling  of  th(»  stem,  prob- 
ably terminal."    Mr.  (Jreene's  Indiana  specimen  was  on  .1.  triflda. 

HEMIPTERIA. 

APHIDAE. 

I'iiyjloxku\  hkplanata  Pergande. 
PhuUoxrra  deijUinala — 

I'er.LMnde,  North  American  l*liylloxerinae.  IIMM.  p.  205. 

This  gall  has  been  rejiorted  from  the  I).  ('.  by  Pergande,  who  states 
that  it  is  very  sindlar  to  /*.  ttcinrn  Walsli.  lie  describes  it  as  follows: 
"The  leaves  of  some  of  the  smaller  trees  are  often  literally  covered  with 
the  gjills  of  (itj)lattata  which  then  produce  a  sickly,  yellowish  and  crumpled 
api>ea ranee  thereof.  liy  the  end  of  June  the  galls  are  deserted,  brow^u  and 
dry,  or  else  have  completely  decayed,  leaving  innumerable  holes  in  the 
afTecttHl  leaves,  seriously  aftecting  the  health  of  the  tree.  When  but  few 
days  old  (first  week  in  May)  these  galls  resemble  minute  yellow  specks/' 

**The  transverse  diameter  of  the  mature  galls  varies  from  1  to  5  mm.; 
height  alK>nt  1  mm.:  walls  rather  thin  above  and  beneath  and  semi-trans- 
parent, rpper  surface  projecting  but  little  above  the  plane  of  the  leaf, 
convex,  usually  witli  a  shallow  lovea:  frequently  not  central  and  occa- 
sionally with  a  sii-^iit  central  elevaticai.  I'nder  side  more  strongly  con- 
vex, .sometimes  almost  conical,  the  nii>ph»  usually  more  or  less  flattened 
and  ^rcnerally  leaniu;:  \o  one  side,  as  if  pre.ssed  down  when  young;  with 
tlie  oritice  usually  oval,  though  sometimes  more  or  less  rounded,  and 
which  before  maturity  is  perfectly  closed  and  densely  fringed  with  short 
pale  hairs.  <'olor  above  either  reddish  with  depression  yellowish,  or  al- 
most entirely  greenish-yellow :  below  purplbjh,  or  dull  greenish-yellow. 
Many  of  the  u'alls  are  eonjoinl.  i.  e.,  contains  from  2  to  0  or  more  stem 
mothers,  togeihcr  with  a  large  number  of  eggs  and  sexual  individuals, 
the  cavity  being  ronipletely  rr^^^^■^l<»(l." 

Pergande  reports  this  gall  on   llimrin  tommtosa.     Mr.  Greene's  q>eci 
men  was  on  //.  niha. 
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A  Probable  Origin  of  the  Small  Mounds  of  the  Lower 

Mississippi  and  Texas  Coast. 

Albert  B.  Reagan. 

• 

Noting  several  articles  "Ou  the  Origin  of  the  Small  Mounds  of  tlio 
Ix)wer  Mississippi  and  Texas,"  in  Science  Vol.  XXI 11  (Mr.  V.  J.  Farns- 
worth,  pp.  583-4;  A.  C.  Veatch,  p.  35;  Irving  H.  Wentworth,  p.  819),  leads 
me  to  make  a  few  suggestions  on  the  subject.  In  the  region  mentioned 
these  mounds  are  very  numerous,  too  numerous,  it  seems,  to  be  Indian 
mounds,  except  the  class  of  mounds  mentioned  by  Mr.  Irving  II.  Went- 
worth. 

The  mounds  mentioned  by  Mr.  Wentworth  jire.  no  doubt,  of  hulinn 
origin.  While  with  the  Apache  Indians  some  ycar.s  ago,  the  writer  saw 
several  mounds  of  this  type  constructed.  All  these  were  erected  not  as 
places  for  sacrifice  or  any  ceremonies  of  that  sort,  but  as  places  fur  cook- 
ing the  tul)er-root  of  the  Aoare  amerkunn.  In  this  cooking  process,  a 
shallow  pit  is  first  dug  and  lined  with  cobble-stones.  A  fire  is  then  built 
in  it  and  kept  burning  till  the  rocks  are  at  white  heat.  Wet  twigs  (or 
grass)  are  then  placed  in  a  thick  layer  over  the  live  coals  and  rocks.  On 
these  the  Agave  tubers,  a  wagon  load  or  more,  arc  quickly  piled,  and  over 
these,  after  they  have  been  <'overed  with  twigs  or  ;i:rjiss,  a  thick  layer 
of  cobble-stones  are  piled.  All  then  is  coverefl  with  wood,  which  is  ig- 
nited and  kept  burning  for  about  twelve  hours,  while  the  Indisuis  dance 
around  It.  When  the  rocks  are  sufficiently  cool,  after  the  fire  has  been 
let  die  doi^Ti,  the  top  is  removed  and  the  cooked  tubers  taken  out  of  this 
peculiar  oven,  packed  in  baskets,  and  taken  to  the*  distant  "tepees,"  leav- 
ing the  rockpile  with  an  elliptical,  practically  fiat  top.  Probably  the 
mounds  mentioned  above  were  construf-ted  for  th(?  same  or  for  similar 
purposes. 

Concerning  the  other  mounds  of  the  re?jrIon.  may  they  not  be  due  to 
mudlunip  formation  in  a  former  geologi(»ai  eiM>chV 

In  an  article  on  "The  Exceptional  Nature  and  (lenesis  of  the  Missis- 
sippi Delta."  K.  W.  Hilgard  states  (Science,  Vol.  XXIV,  pp.  8f;i-.S«0)  that 
**inud!umi)8  are  now  being  upheaved  in  the  channel  of  the  lower  Missis- 
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sippi,'*  that  "miKlluinp  formation  is  at  present  tlie  normal  mode  of  pro 
gresslon  of  tlio  visil>le  delta  into  tlie  gulf,  the  principal  mndlnmiKS  rislnj: 
immediately  inside  tlie  bar,  wliere  the  current  excavates  tiie  river  bed  so 
as  to  relieve  the  sui>erincumi)ent  pressure.'*  As  to  the  origin  of  these  mud- 
lumps.  Prof.  Ililgard  further  states  in  substance  (loc.  cit.)  that  "in  tht» 
Mississippi  delta  rei?ion  tliere  is  an  iniiicrvious  blue  clay  bottom  nmching 
out  into  tlie  tfulf  for  about  twenty-eight  miles  beyond  the  pre.s<*nt  months 
of  the  river."  that  "suiHjr imposed  on  this  is  a  semi-fluid  blue  clay  stratum." 
and  that  "ov»»r  this  in  tlie  swamp-delta  areas  are  dei>oslted  sandy  bar 
material  much  faster  than  the  former  can  es<ape  to  seaward  uuder  pres- 
sure. ('(»nse<iuently.  wli«»rever  the  river  removes  the  superincumbent  sandy, 
gravelly  deix)sits,  the  pressure  on  the  areas  adjacent  forces  the  semi-fluid 
clay  to  the  surface  in  the  form  of  mudUimps.  Escaping  gases  also  seem 
to  aid  in  this  mudlump  formation." 

Now  the  mounds  of  the  lower  Mississipid-Texas  region  arc  not  likely 
identical  with  those  of  the  delta  proi>er  in  formation:  but  may  they  not 
have  been  niad«»  in  a  similar  manner:  that  is.  on  the  principle  of  *vre<»ps"'' 
If  on  an  imiK»rvious  bottom  at  the  time  the  region  In  question  was  being 
formed,  there  was  a  semi-fluid  layer  reaching  any  distance  Inland,  as  the 
shore  line  advance<l  or  re<'eded,  and  this  was  t>eing  coverwl  wltli  another 
layer  faster  than  it  could  creep  seaward,  whether  the  Bui>erticlal  layer 
was  brought  thereby  win<l  or  water,  mudlumps  would  certainly  have  l>een 
pushe<l  up  in  all  the  spnt.s  where  the  latter  layer  was  thin  or  wanting. 
These,  when  dried,  would  become  I'lounds. 
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Some  Peculiabitibs  i^  the  Vai^ley  Erosion  of  Big  Creek 

AND  Tributaries. 


(tLENN  Culbertbon. 


Big  creek  and  tributaries  in  Jefferson  county,  Indiana,  present  some 
Interesting  features  in  their  erosive  worl«.  The  most  striking  of  these, 
presented  by  a  map  of  the  stream  and  its  affluents  are,  on  the  one  hand, 
their  almost  uniform  flow  in  a  westerly  direction,  or,  on  tlie  other  hand, 
in  a  course  almost  at  riglit  angles  with  those  flowing  westward. 

These  characters  are  clearly  shown  in  the  northerly  courses  of  Lewis 
and  Little  creeks,  while  their  tributaries  flow  in  a  westerly  direction.  The 
same  Is  true  of  Big  creek  and  Its  other  tributaries,  as  may  be  seen  in  the 
central  and  northern  parts  of  the  map.  Clifty  cre(»k,  a  smaller  stream 
emptying  into  the  Ohio  jn.st  below  Madison,  has  the  same  pecnliarities,  as 
has  also  the  upper  portion  of  the  West  Fork  of  Indian  Kenui.ky  crwk.  In 
these  cases  the  main  stream  flows  south,  while  the  tributaries  enter  from 
the  east  and  northeast. 

Another  interesting  feature  so  noticeable  in  certain  i)arts  of  Bi? 
creek  and  Its  larger  tributaries,  where  the  flow  is  either  northerly  or 
southerly,  is  their  remarkably  meandering  courses.  We  have  been  taught 
that  meanders  have  been  found  almost  exclusively  in  streams  of  gentle 
slope  and  with  banks  of  alluvial  soil.  Both  of  these  characteristics  are 
entirely  wanting  in  the  valleys  here  referred  to.  In  the  case  of  several 
of  the  meanders  the  stream  after  flowing  from  one  to  two  miles  around 
a  curve,  returns  to  within  a  very  short  distance  of  the  starting  point. 
The  banks  of  the  stream,  as  well  as  the  sides  of  the  valley,  where  the 
meanders  are  prominent,  are  almost  perpendicular  cliffs  on  the  convex- 
side.  ITiese  cliffs  reach  the  height  of  10(>  to  150  feet  in  the  lower  portions 
of  the  stream.  The  concave  side  of  the  meanders  hav«»  gentle  slopes  from 
one-fourth  to  one-half  a  mile  in  length. 

The  peculiarities  in  the  valley  erosion  of  these  streams  is  largely  due 
to  the  structure  of  the  rocks.  The  rock  strata  of  this  region  dip  gently 
towards   the  west  and  southwest.     The  amount  of  this  dip  in  the  more 
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eastern  parts  of  the  county  is  not  more  than  ten  or  twelve  feet  to  tho 
mile,  but  it  Increases  to  fifteen  feet  or  more  in  the  western  part  of  the 
county. 

The  streams  flowing  Into  the  Ohio  directly  have  had  to  erode  their 
valleys  through  the  very  resistant  upper  Hudson,  Clinton  and  Niagara  lime- 
stones. Conseiiuently  their  courses  are  short  and  gradients  very  steep. 
The  Wabash-Ohio  divide  In  this  part  of  Jefferson  county  is  in  places  but 
one  or  two  miles  from  the  Ohio  river,  and  at  a  comparatively  short  dis- 
tance from  the  outcropping  edges  of  the  resistant  limestone  formations 
mentioned  alwve. 

Big  creek  and  tributaries  have  not  yet  succeeded  in  lowering  their 
beds  to  these  n^sistant  rocks,  except  In  a  very  few  places.  Their  erosive 
work  has  been  in  the  softer  corniferous  limestones  and  New  Albany  black 
shale  of  the  Devonian  formations.  The  stream  beds,  in  general,  follow  the 
dip  of  the  rocks.  In  places  the  bed  of  the  stream  is  upon  the  same  layer 
of  rock  for  long  distances.  Excellent  examples  of  this  may  be  found 
in  the  bed  of  Ilarbert's  creek,  between  Volga  and  Smyrna  church,  as  well 
as  along  parts  of  Middle  Fork  and  Big  creek.  The  dip  of  the  rock  strata 
has  had  much  to  do  with  the  long,  gently  sloping  streams  flowing  west- 
ward. 

Tlie  tributaries  that  flow  in  an  easterly  dirt^tion  and  against  the  dip 
are  very  short  and  their  irradlonts  very  higli.  In  many  of  them  the  water 
pc)ui*s  into  the  main  valleys  over  falls  locattnl  but  a  few  hundred  feet  from 
the  main  stream.  In  one  case  an  underground  stream  pours  forth  from  the 
face  of  a  cWtl  into  the  principal  stream.  1  he  easterly  flowing  tributaries 
eroding  their  beds  largely  or  entirely  In  tlie  black  shale  have  cut  some- 
what longer  coursc^js  than  those  in  the  limestone,  but  in  no  case  do  they 
even  approxininto  the  lengtli  of  the  westward  flowing  tributaries. 

The  meanders  of  those  streams  are  in  all  probability  a  consequence 
of  the  variable  n^slstanee  of  the  rocks  followed  by  maximum  erosion  on 
the  convex  side  ot  streams.  They  are  i)robably  consequent  on  the  s]0|)e 
of  the  original  land  surface,  nlthough  they  may  have  been  somewhat 
modifled  by  the  thin  mantle  left   by  the  glaciers. 
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l.Ll.  BiflT  Creek. 

2.  LewiH  Greek. 

3.  Harbart'8  Creek. 

4.  Middle  Fork. 

5.  Little  Creek. 

6.  Clifty  Creek. 
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Klkctkoi.ytic  I'l.onvcTioN  iv  Sr.r.ENic  Acid  kuom 

Lead  Selenate. 


F.  C  Mathers. 


Mentzer*  has  shown  that  tlic  electrolysis  of  a  solution  of  copper  seJ- 
eujite  results  in  the  deposition  of  metallic  c()pi>er  ui)on  the  cathode  and 
the  formation  of  selenic  acid  in  the  solution.  To  obtain  pure  selenic  acid 
the  copper  selenate  must  first  be  carefully  purified  by  reerystallUEing  be- 
fore electrolysis.  In  the  experiments  that  are  described  in  this  paper, 
lead  selenate  was  used  as  the  salt  to  be  electrolysed  on  account  of  the 
ease  with  which  it  could  be  prepared  and  lairilied. 

Selenic  add  was  first  prei)arcd  b3'  oxidizing  selenium  dioxide  in  a 
nitric  acid  solution  with  ijotassiuni  permanganate.  After  the  precipitate 
of  manganese  dioxide  had  been  removed  by  filtration,  the  selenic  acid  in 
the  filtrate  was  precipitated  as  lead  selenate  by  the  addition  of  lead  nit- 
rate. Lead  selenate  is  very  insoluble  in  water  and  so  can  be  filtered  and 
easily  washed  free  from  the  other  salts  in  the  solution. 

For  electrolysis,  the  lead  selenate  was  i>lace<l  in  a  platinum  dish  that 
was  filled  witii  water.  The  lilatinuni  dish  was  use<l  as  the  cathode  and 
a  platinum  wire  coil  was  used  as  the  anode.  The  resistance  of  the  solu- 
tion was  very  high  at  first,  hut  it  rai)ldly  dropped  as  the  electrolysis  pro- 
ceeded and  the  free  selenic  acid  was  formed. 

To  determine  the  amount  of  selenic  acid  that  was  formed  during  au 
exi)oriniont,  the  electrolyte  was  liltereil  and  the  acid  in  the  filtrate  was 
titrated  with  standard  so<lium  hydroxide  solution. 

The  current  vleld  was  best  with  low  current  density  at  the  cathode, 
hot  solution,  and  a  larj^e  (juantity  of  lead  selenate  ui>on  the  cathode,  and 
decr(»ased  by  the  addition  of  powdered  lead  to  the  lead  selenate.  An  in- 
creast^  in  the  volume  of  the  solution  or  the  use  of  a  mercury  cathode  were 
without  cfl'ect.  The  ruriTut  yields  were  (piite  low — tlu»  maximum  being 
about  12%. 

♦Mentzer.  Conipt.  Heud.,  127.  54  (1K»«). 
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The  per  cent,  yield  of  selenic  add  from  the  lead  aelenate  was  best 
with  room  temperature,  thin  layers  of  lead  seleiiate  upon  the  cathode,  and 
occnsioDal  stirring.  0.3  gm.  of  lead  seleualo  when  electrolysed  with  a  cur- 
rent density  of  0.3  amperes  per  sq.  dec.  gave  a  yield  of  05.4%  of  the  theo- 
retical value.  Under  the  same  conditions  3  gras.  of  lead  selenate  gave  a 
yield  of  78.3%. 

University  of  Indiana.  Nov..  1907. 
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Kesult  of  Heating  a  Mixture  of  Ammonium  Nitrate  and 

Manganese  DioxroE. 


James  II.  Ransom. 


Practically  all  the  work  on  catalysis,  in  which  the  oxides  of  the  metals 
were  the  catalytic  agents,  has  been  undertaken  with  those  substances  which 
on  heating  decompose  with  the  evolution  of  oxygen.  It  has  been  thought 
by  some  of  those  who  have  given  the  subject  careful  investigation  that, 
in  the  case  of  manganese  dioxide,  at  least,  the  reaction  is  one  of  alternate 
oxidation  and  reduction  of  the  catalytic  agent.  The  arguments  are  not 
conclusive,  however,  so  that  the  question  whether  the  manganese  dioxide 
acts  as  a  simple  contact  agent  or  takes  a  chemical  part  In  the  reaction 
remains  unanswered. 

It  occurred  to  the  writer  to  try  the  effect  of  catalytic  agents  on  sub- 
stances which,  on  heating,  decompose  without  the  formation  of  oxygoi. 
It  was  thought  that  if  the  catalytic  agent  acted  simply  as  a  contact  agent 
the  temperature  of  decomposition  would  be  lowered  but  the  products 
would  be  the  same  as  when  the  substance  was  heated  alone;  but  if  the 
action  were  chemical  the  i>roduct8  would  be  different,  perhaps  more  or 
less  oxidized  than  when  the  substance  was  heated  by  itself.  It  was  rec- 
ognized, however,  that  if  the  action  followed  the  latter  supposition  it 
would  not  of  necessity  demonstrate  that  all  so-called  cases  of  catalysis  were 
chemical.  Among  the  substan<'i»s  easily  available  for  such  an  experiment 
is  ammonium  nitrate,  which,  ns  Is  well  known,  decomposes  quite  smoothly 
Into  nitrous  oxide  and  water.    The  temperature  of  decomposition  is  205*. 

At  my  suggestion,  therefore,  Mr.  O.  (J.  Ilaworth,  who  was  then  study- 
ing the  effect  of  various  catalytic  agents,  undertook  the  preliminary  in- 
vestigation of  the  effect  of  heating  ammonium  nitrate  in  the  presence  of 
different  oxides,  among  them  being  manganese  dioxide.  He  established  the 
facts  that  the  decomposition  takes  place  at  a  lower  temperature  than 
when  the  nltrnto  is  heated  nlone:  that  little  if  any  oxygen  or  nitrous  oxide 
Is  producf^d;  that  the  gas  evolved  Is  nitrogen. 
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On  c-onsultlng  the  literature  It  was  found  that  in  1877  Gatehouse  pub- 
lished a  short  note  in  the  Chemical  News  giving  the  results  of  an  experi- 
ment on  heating  a  mixture  of  these  substances.  He  observed  that  the  gas 
was  nitrogen,  and  from  its  volume  he  developed  an  equation  to  explain  the 
reaction.  According  to  him  each  molecule  of  the  oxide  reacts  with  four 
molecules  of  the  nitrate;  producing  six  atoms  of  nitrogen  and  a  molecule 
of  manganese  nitrate.  The  presence  of  the  last  substance  he  does  not 
seem  to  have  confirmed;  and  as  the  temperature  to  which  he  heated  the 
mixture  was  above  that  at  which  manganese  nitrate  decomposes  it  ap- 
iieared  doubtful  that  the  final  products  were  as  he  thought.  The  work  be- 
gun by  Mr.  Haworth  has  been  continued  by  the  writer  and  the  nature  of 
the  reaction  made  more  nearly  complete. 

In  our  earlier  experiments  some  difliculties  were  encountered  and 
some  facts  observed  which  modified  the  procedure  in  the  later  worli.  First, 
it  was  found  most  difficult  so  to  regulate  the  temperature  that  the  reac- 
tion would  go  smoothly  and  in  one  direction.  The  action  would  proceed 
at  about  200*  until  nearly  one-half  of  the  gas  had  been  evolved,  and  then 
suddenly  without  apparent  cause  the  thermometer  would  suddenly  mount 
to  300*  or  more  and  brown  gases  be  evolved  in  such  quantities  that  the 
stopper  and  connections  would  be  forced  out  with  explosive  violence.  It 
was  thought  at  first  that  manganese  nitrate  was  being  formed  in  the 
earlier  stage  of  the  reaction  and  later  was  decomposing  with  evolution  of 
heat;  but  experiments  with  this  substance  showed  that  it  decomposed  in  a 
regular  manner  between  130°  and  185°.  But  by  heating  for  a  time  to 
210** -220*  and  then  cooling  to  170''  us  the  action  proceeded  it  was  found 
possible  to  regulate  the  decomposition  nnd  set  consistent  results. 

It  was  also  noted  that  after  extracting  the  residue  to  determine  the 
amount  of  soluble  material  the  aqueous  solution  was  very  strongly  acid 
with  what  appeared  to  be  a  nitrogen  acid.  The  residue  left  on  evaporation 
consisted  of  unchanged  ammonium  nitrate,  and  at  times  of  a  trace  of  a 
manganese  compound. 

In  the  succeeding  exi)eriments  the  apparatus  was  so  modified  that  the 
gases  could  be  passed  through  water  to  absorb  the  acid,  and  then  collected 
in  a  large  gas  burette  made  with  litre  cylinders  and  filled  with  dilute 
alkali.  About  equal  weights  of  ammonium  nitrate  and  manganese  dioxide 
were  placed  in  a  distilling  flask  connected  with  the  acid  absorbing  bottle 
and  the  air  in  the  apparatus  replaced  with  nitrogen.  The  mixture  was 
heated   to  170*   and  then  connected  to  the  gas  burette.     Afterwards  the 
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tiMni>er}i(iire  was  raised  to  between  220°  ami  'J^)i)''  and  uiaiutalued  there 
until  the  gas  was  about  one-half  evolved.  The  temperature  was  then 
lowered  to  170°  and  kept  there  until  the  action  was  nearly  complete,  when 
it  was  again  raised  to  230°  as  long  as  a  gas  was  being  evolved.  Finally 
it  was  cooled  to  170°  and  the  bun?tte  disconnected.  Any  oxygen  in  the 
burette  was  absorbed  by  pyrogallate  (usually  a  small  amount)  and  the 
nitrogen  measured.  Nitrogen  was  passed  through  the  generator  to  swe^ 
any  acid  vapors  into  the  water,  and  the  amount  of  add  determined  by 
titrating  against  standard  alkali.  The  residue  was  extracted  several  times 
with  boiling  water  and  the  water  evaporated  in  a  platinum  basin.  The 
small  amount  of  solid  found  on  evaporation  cronsisted  mostly  of  unclianged 
ammonium  nitrate. 

In  three  closely  agreeing  experiments  carried  out  as  described  the 
following  figures  wore  obtained : 

1.  2.0O75»  gm.s.  ammonium  nitrate  gave  500.5  cc.  (corr.)  (=0.(}28G 
gms.)  free  nitrogen,  and  0.7.V)2  gma.  acid  (calculated  as  nitric). 

2.  2.8955  gms.  ammonium  nitrate  gave  G35.6  cc.  (corr.)  (=a0.7963 
gms.)  free  nitrogen  and  0.991)8  gms.  acid. 

3.  3.8527  gms.  ammonium  nitrate  gave  820  cc.  (corr.)  (=1.026  gms.) 
free  nitrogen  and  1.1000  gms.  acid. 

In  these  experiments  the  average  ratio  of  free  nitrogen  to  acid  is 
1 :1.15.  This  ratio  ai>proaches  very  nearly  to  that  for  two  molecules  of 
nitrogen  to  one  of  the  acid,  viz.,  1:1.125.  The  equation  which  best  corre- 
sp<mds  to  this  ratio  is  as  follows : 

5  NH,NO,=2HNO,+4N,+9H,0. 

Reiset  and  Mellon  have  shown  (.Tourn.  fur  Pmctische  Chemie,  29-305) 
that  when  ammonium  nitrate  is  mixed  with  platinum  sponge  and  heated, 
dei'omposition  begins  at  1(>()°  and  that  the  products  are  nitrogen  and  nitric 
acid.  The  equation  by  which  they  e\i)ress  the  reaction  is  identical  with 
that  given  above.  It  is  unlikely  that  the  platinum  enters  into  the  reac- 
tion, though  it  is  stated  that  an  insoluble  platinum  compound  is  produced. 
I  have  not  been  able  to  confirni  this  latter  statement.  If  the  platinum  does 
not  outer  into  the  reaction,  but  acts  as  a  true  contact  agent,  tlien  there 
seems  no  reason  for  hoi  loving  that  the  manganese  dioxide,  in  this  reaction 
at  least,  acts  in  a  chonilcal  way. 

It  is  possible  that  an  intormediato  product  containing  manganeBe  may 
be  isolated:  and  this  will  bo  tlie  object  of  further  research. 
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TifE  Mathematics  of  Haul. 

H.  O.  Gab  MAN. 

Hani  or  the  average  distance  earth  is  moved  when  tak:en  from  exca- 
vation and  placed  in  embanlcment  has  been  the  source  of  much  discussion 
at  different  times  r'or  many  years.  For  a  review  of  the  literature  on  the 
subject,  "Overhaul,"  the  writer  will  call  attention  to  tlie  "Proceedings  of 
the  American  Railway  Encflneerinir  and  Maintenance  of  Way  Associa- 
tion," for  1906,  vol.  7,  i>ages  li^l  to  428.  Among  the  contributors  to  the 
subject  will  l)e  found  Italians,  French  and  Germans,  but  it  seemed  to 
excite  more  interest  among  our  American  engineers. 

The  methematics  of  liaul  deals,  of  course,  with  the  methods-  of  com- 
imting  haul  and  overhaul,  but  it  is  the  puri)ose  here  to  discuss  more  par- 
ticularly the  means  for  locating  the  center  of  mass.  These  centers  of  mass 
may  be  located  by  any  one  of  four  methods,  two  algebraic  and  two  graph- 
ical. All  four  methods  for  locating  the  center  of  mass  fail  completely 
for  the  volumes  adjoining  the  grade  jioint  unless  several  extra  interme- 
diate sections  are  taken. 

In  all  the  calculations  a  close  rapid  approximation  was  used  at  these 
I)oint8 


When  the  ground  was  a  plane  snrfacf,  tlu'  volume  next  the  grade  point 
was  assumed  at  least  a  wedge,  and  the  center  of  gravity  then  taken  ^ 
tlie  length  of  the  wedse  from  its  base.  When  the  ground  was  a  parabola 
?n  longitudinal  section,  the  center  of  gravity  was  taken  •  of  the  length 
between  section  and  grade  i»olnt  from  the  section. 

The  four  methods  of  computation  wero  rarricnl  on  nn<ler  the  condl- 
lUiiis  of  tin*  thre<*  general  types  of  prottle.  i.  e. : 


Prf^'y^ry. 


CHHt"    11.      I'lHlcr   ihis  fimilllion   the   four  iiiL'thmlK  of  cumiiutlnK  liaul 

■  thfir  wMe«i  vrtrliinif. 


Till.'  alKnv  flcin'e  Is  ('( 
tudlnal  section.    Thlit  ense  most  net 
tloiiB.  for  liaul,  of  any  of  tlit  thrci'  ck 
In  tlf  r^Kiilts  of  tlie  four  DielliodR  :i 
practice,  whlli   those  (llHi-overeil  iiiiilc 

It  being  the  object  of  the  writer 
could  (K-ciir.  thiif:  obtnlnhi^  liinitlii;;  i 
under  fane  II,  with  :\  few  ti-st  iiiv 
ralueH  tlint  wuttld  he  encountered  iik 

Method  No,  1  dPlientt!:  iipoii  the 
l(y  of  Iiidlrldiial  i)rlsiiioi(ls  Is  hwnti'i 
n-nrd.the  larger  section  n  dlstnnce 

I  A— A- 


nnd  shows  thp  ari>iiii(l  n  iiornboln  In  Imigi- 
•  coiiH'Idesi  with  the  ni'timl  cimdl- 
:.  iiiirt  iLijy  viirinnw  iliMinverciI  here 

IthoUt     Whill     W'ltllll     .X'MII'     it)     MCtlNlI 

'iiKe  II   nl'i'  liliiitlnt;  v:iliics. 
dlsi'r.v.'r  the  irrpiitcst  variance  that 

IPS.    Itl.lSt    of    tllf    <0111,,lltlltl0llS    Wi'lT 

^■iitions  niiclcr  rnm.   III.   to   obt.iin 


c.rteii  i 


liractl.-f. 
n  tliiit  the 
>  frotii   Uic 


t'or  Jill  iirnctlt-nl  puriioses  it  Is  e 
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Methoil  No.  2  deiiends  u|)Ou  the  general  form  that  the  center  of  grav- 
ity of  oa<li  individual  prismoid  is  located  In  from  one  end  a  distanw 
tHiual  to 

A 

X     =  1 ; 

A'       A  -r  A^ 
That  is  to  say.  it  la  located  iuverselj'  proi)ortional  to  the  end  areas,  and 


Hftul  — 


IMoments 
ilVolnmes. 


It  gives  results  always  in  favor  of  the  contractor  and  on  very  short 
hauls  is  rarelj  in  eri'or  to  exceed  say  3.0  jier  cent,  and  on  long  hauls  rarely 
If  every  exceods  0.5  per  cent. 

Method  No.  .**  dei)cnd8  upon  the  general  i)roiK)sitlon  that  the  position 
of  half  mass  point  is  approximately  the  i)osition  of  the  center  of  mass 
and  graphically  looks  like  ligure  below. 


Haul  equals  the  mean  length  of  the  two  sides  of  the  given  tropezoid 
and  the  pay  haul  e(iuals  the  aera  of  the  tropezoid.  This  method  gives  re- 
sults always  in  favor  of  the  contractor  and  on  very  short  hauls  Is  rarely 
in  error  to  exieed  say  4.0  per  cent.,  and  on  long  hauls  nirely  in  error  to 
exceed  say  0.0  per  cent. 

Metho<l  No.  4.  the  last  one  treated  In  this  report,  depends  for  its  re- 
sults upon  the  nrea  of  the  mass  diagram. 


Haul 


The  pay  hnul  is  equal  to  the  area  of  the  rectangle  which  has  for  its 
Law  the  haul,  BHiI  it?  altitude  the  totiil  ynrdage  or  niiixLmiiin  onlliiiite, 
the  product  of  tht'  two  beinc  nli«o  the  area  of  the  mas;^  (lliittrain. 

If  the  points  are  ponnectetl  by  n  curve*!  line  It  will  give  prat-tlcally 
the  tnie  rpsult.  but  If  the  jioiiitH  of  the  (llagrain  ari'  (.■otmec-te<l  by  straight 
lines  us  Itt  reoouiinendetl  hy  most  entclneern.  niiil  an  wan  doue  lierr.  it  j{ives 
values  alWHys  njniinBt  the  contractor;  on  short  haul  l>elns  in  error  as 
hi|i;h  ns  «  per  <-ent..  and  on  long  haul  about  1.0  iier  cent. 


Fin&l  BumiQ&ry  1 


tabular  form : 


Numlfer.  .Opnerai  P 


CfnlerofGravltj- 
ot  Individual  Sliort  Haul.      Lone  Haul. 

Priamoid.  i 


'  IPracticallyl.'  IPnustlcail)'). 


Haul  —  lienoth  of  chard 


Total  Araa  Dlaerain 
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Fauna  of  the  Fix)rena  Shale  of  the  Grand  Summit  Sec- 
tion   OF    Kjinsas,    and    Remarks    on    the    Develop- 
ment OF  Derbya  Multistriata  Meek  and  Hayden. 


F.  C.  Greene. 


Tho  Grand  Summit  section  of  Cowley  county,  Kansas,  has  been  fa- 
mous as  one  of  the  classic  collecting  grounds  of  Kansas  and  many  large 
collections  have  been  made  there.  It  could  probably  be  classed  as  Permo- 
Carboniferous,  very  near  the  base  of  the  Permian.  The  region  was  first 
studied  by  Broadhv^ad  in  1882  and  the  account  published  in  1883  or  1884. 
He  says,  **We  now  come  to  speak  ol"  the  'Permian'  or  limestones  of  the 
'Flint  Hills,'  reaching,  in  Elk,  (Tre^.aiwood  and  the  eastern  half  of  Butler 
and  Cowley  counties,  from  1185  to  17U0  feet  above  the  sea,  including  about 
500  feet  thickness."* 

Only  the  toj)  part  of  l>roadhead's  section  concerns  us.  Numbering  from 
top  down,  it  is  us  follows  :t 

1.  134  feet,  including  beds  of  impure  drab  limestone,  shaly  and 
crumbling,  with  occasional  shale  beds,  with  red  shales  30  feet  from  bot- 
tom. 

*2.  5  feet  of  blulsh-drnb  or  drab  limestone  containing  many  good  char- 
acteristic fossils,  including  Eumicrotis  hawni,  Myalina  perattenuata,  Avi- 
culopecten  occidentalis,  etc.  (This  bed  is  persistent  wherever  its  associated 
strata  are  found.) 

3.  10  feet  of  shales,  the  lower  red. 

4.  10  feet  of  roush  limestone. 

5.  27  feet  of  shales  with  thin  shaly  limestone  beds. 

i).      4  feet  of  llag-like   limestone;    a  good  building  stone. 
7.      8  fe(?t  of  shelly  buflP  magnesiaii  limestone. 
S.       4  feel  of  shaly  Fusullna  limestone. 

9.  4  feet  of  cherty  limestone;  abound  in  Fusullna  cylindrica,  the 
fossils  often  appc^iring  in  relief;  the  chert  of  deep  blue. 

♦Trans.  St.  L.Miia  Aca  I.  Sri..  Vul.  IV..  Ft  H,  patres  4S6-487. 
tLoc.  Cit. 
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10.  18  feet  limestone  and  shales  abounding:  In  Fusulina  cyllndHcn. 

11.  .  2  feet  drab  maguesian  limestone. 

12.  28  feet  shaly  sandstone. 

He  considered  all  above  number  twelve  of  this  section  as  Permian 
which  would  make  the  base  of  the  Permian  about  the  horizon  of  the  Em- 
lK)ria  limestone  of  the  recent  geologists. 

"Mr.  George  I.  Adams  has  also  described  in  a  somewhat  general  way 
the  section  along  the  line  of  railway  through  Molino.  Grenola,  Cambridge, 
and  Winfield."|! 

In  1896  Prof.  Prosser  hastily  examined  this  section.  He  determined 
numl>er  27  of  this  section  to  be  the  lower  part  of  the  Strong  limestone. 
The  Strong  or  Wroford  is  now  supi)os(Hl  to  be  the  base  of  the  Permian. 

In  the  field  season  of  li>04  Prof.  Beede  made  a  detailed  section  at 
Grand  Summit  as  follows  :§ 
29.     Shales,  blue  with  calcereous  sheets  and   millions  of 

fossils    15  feet  U  inches 


•J 


28.     Limestone,  blue  clayey   1 

27.     Shales,  blue,  yellow  above 5 

26.     Shales  and  shaly  limestone 5 

25.     Limestones  somewhat  massive,  weathering  light 8f 

24.     Shales,  calcareous,  and  Impure  limestone 7 

23.     Shales,  clayey,  with  calcareous  layer;  very  fossil  if  er- 

ous    7+  " 

22.    Limestone,  clayey,  nodular,   and   clay   shales.     Some 

fossils  

21.     Shales,  yellow  and   blue  with  calcareous   lenses,  sea 

urchins  5 

20.    Covered,  five  feet  to 8 

19.     Shales,  red   5 

18.    Shales,  blue   1 

17.     liimestone,  blue,  inasslve   1 

16.     Shales,  yellow  and  red  (foot  of  liniestone  nejir  base) . .  10 

15.    Limestone,  massive  in  one  layer  3 

14.     Shales,  yellowish,  calcareous   1 

13.     Limestones,  shaly  1 


0 
0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

4 
0 


« 


«t 


ti 


IProsser:  "The  Permian  and  Upper  Carboniferous  of  Southern  Kansas.'*  Kan. 
Univ.  Quar..  Vol.  VI.  No.  4. 1897.    Series  A. 

ifBeede  and  Sellards,. l^tratisrraphy  of  the  Eastern  Outcrop  of  the  Kansas  Permian. 
The  American  Geolofrist.  Vol.  XXXVI.  Augrust.  1905.  payres  KMli. 
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12.     Shales   0  feet  4  lavUvs 

11.     Limestones,  two  thiu  ones  0  **  4 

10.     Shales   0  **  «       • 

0.  Limealoiie,    buff    to    hrowiiisli.    hiVi^v    Fusuliiias    mid 

chert  in  tlie  lowvv  part  (»  "  0 

8.     Shales,  clayey    1  **  Jl 

7.     Limestone,  shaley  to  massive  3  "  i> 

(J.     Siiales,   yellowish    a  **  3 

5.     Limestones,  thin,  with  shale  i)artlni;s 3  "  0 

4,     Limestone,  massive,  in  two  layers 3  "  4 

3.  Shales,  3'ellowish,  with  calcareous  layers  rich  in  fossils  9  "  0 
2.     liimest<me.    dark    coloro<l.    in    thin    layers,    full    of 

pelecypods    4  **  0 

1.  Shales,  red  and  blue,  in  creek  north  of  the  cut,  east 

of  the  trestle  over  the  small  crt^ek 11  *'  0 


.* 


•» 


•* 


»• 


•* 


•• 


r\ 


Total    132  fei't  7  Inches 

Numbers  24  to  29  inclusive,  are  of  the  Neosho  member  of  the  Garrisou 
formation,  23  represents  tlie  Florena  shale,  number  22,  the  Cottonwood 
limestone, K  10  to  21,  inclusive,  the  Eskridge  shales,  7  to  9,  the  Neva  lime- 
stone and  from  0  down  to  water-level,  the  Klmdale  formation. 

The  collections  upon  whlcli  this  paper  is  based  were  made  In  the 
summers  of  '04  and  '05  by  Prof.  IJeede  and  were  taken  fnmi  number  23  of 
the  foro^roinp  section,  that  Is,  tin*  Florena  shale. 

The  lists  of  this  fauna  which  have  been  publisheii  up  to  the  present 
time  include  about  thirty-nine  species,  in  Beede's  Grand  Summit  collec- 
tion we  find  74  sptK-ies.  In  the  following:  list,  the  numl>ers  given  may  he 
taken  as  n  »p  resent  a  tive  of  the  fauna  In  tlie  southern  extension  of  the  for- 
mation.    The  following  are  found  to  be  the  charjicterlstlc  species: 

1.  Fusulina  sp 800 

2.  ('rania   cf.   niodesta 07 

3.  Seniiiinhi    arcrontia    44 

4.  PHKluctus  seinlreticulatus   39 

5.  Prodn<'tus    nebras<-eiisis    84 

0.     Chonetos  irranullfera    208 

7,     Derbya  rrassa   7W 

•ThiH  stat<Mneiit  is  has«Ml  oti  th«.»  t\c*l<l  work  of  l*rof.  J.  A.  Yates  in  1905- 
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S.  Meekella  strlaticostuta    31 

9.  Rhombopora  sp 30 

10.  Thamniseus  sp 30 

11.  Bairdia  beedel   100 

12.  Bairdia  beedei  abrupta  25 

13.  Pterla   salcata    128 

14.  Nueulaua  belllstrlata  attenuata    28 

15.  Avieulopecten  occideiitalis    40 

16.  Pelecypod  sp 200 

17.  Bulimorpha  chrysalis   25 

18.  Bellerophon  sp 39 

19.  20.    Gastropod,  t^'o  small  species 500 

This  list  comprises  one  species  of  Forauilnifera,  seven  of  Brachiopoda, 
I  wo  Bryozoa,  two  ostracods,  four  pelecypods,  and  four  gastropods. 

The  Fu^ulina  can  not  be  said  to  be  characteristic  of  tlie  formation  as  a 
whole  as  it  is  very  rare  farther  north.  The  brachiopods,  as  a  general  rule 
are  somewhat  largec  than  normal. 

One  of  the  most  interesting  species  in  the  collection  is  Defbya  mulH- 
Mtriaia  Meek  and  Hayden.  We  find  the  first  account  of  this  species  by 
Meek,  under  the  name  of  OrthiHna  nmbraculumil)  Schlotheim.  He  de- 
scribes it  as  follows: 

"Orihiaina  umhraculumil)  Schlot.  sp.  l^etrefact.  1.  p.  256,  et  2,  p.  67. 
We  find  in  Kansas  ranging  from  16  to  10  of  the  foregoing  section,  many 
specimens  of  a  large  species  of  OrthiHna,  having  almost  the  form  and  other 
characters  of  O.  umbraculum,  excepting  that  the  striae  appear  to  be  more 
nnmerous.  According  to  Koninck  that  species  has  about  108  striae  on  each 
valve,  while  on  our  Kansas  specimens,  we  count  from  160  to  200;  conse- 
quently we  suspect  it  to  be  a  distinct  but  closely  allied  si^ecies.  If  so  we 
would  propose  to  designate  it  by  the  name  of  O.  viultistrintnni.  We  find 
It  at  Fort  Riley  and  at  several  localities  between  there  and  Blue  river, 

also  in  the  same  position  on  Cottonwood  creek."** 

This  species  is  not  very  abundant  in  the  Floreua  shale,  but  in  the  shale 

bed  just  beneath  the  Wreford  limestone,  that  is,  in  a  horizon  higher  than 
this,  it  reaches  its  maximum  development  and  becomes  one  of  the  pre- 
dominating species  of  that  fauna.  Its  characters  are  a  high  cardinal  area, 
and  a  hinge  line  shorter  than  the  gi-eatest  width  of  tlie  .««hell.    These  cliar 

**Proc.  Acad.  Nat  Set  Phil.,  1859.  p.  26. 
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luters  liold  tlirtmghout  the  life  history  of  an  iudividnal.  Trosser  wiis  the 
first  to  rofor  this  aliell  to  Derhya.i'\ 

On  referring  to  tie  Konlnck's  figure  of  ills  Orthin  umhraculum  Scblot- 
lieiiuliJ  tlie  striicing  similarity  will  at  once  be  tii)i)areut  and  by  comparlug 
this  figure  and  description  witli  that  of  Bronn,§§  of  the  Eiffel  Devonlau 
(apparently  after  examining  the  tyi^'S),  the  diflferenee  between  the  typienl 
O.  Hinhraculiun  and  de  Kouinek's  8i)eeimen,  and  the  flimilarity  of  tlie  latter 
witli  tlie  American  species  at  once  becomes  apparent.  Konlnck*s  deserlptiuu 
gives  his  species  1U8-100  striae  and  if  this  is  true,  it  is  hardly  ideutical 
with  the  American  species  as  this  (and  de  Koninck*s  figure)  give  160  to 
200  on  a  specimen  of  the  sjime  size.  As  to  the  question  of  the  name  of  the 
American  sjmcics,  it  is  distlncrt  from  ().  umhraculum  and  Meek's  term  will 
take  i>r»M(Hlence  for  the  American  form.  If  they  are  identical,  as  seems 
probable,  it  will   also  apply   to  de  Konindi's  shell. 

On  comi)aris»>n  of  tyjdcal  specimens  of  this  shell  with  the  description 
and  figures  of  Hall  and  Clarke's  Derbyu  cjnnhuhi  it  will  Ik*  seen  that  they 
are  all  identical.  This  duplication  is  due  to  a  habit  of  Mr.  Meek's  of 
describing  a  species  under  one  term,  then  at  the  close  of  the  description 
stating  thai  in  all  probability  it  does  not  belong  to  the  spei-les  referred  to 
but  is  probably  a  new  sjiecies.  then  pro|x>sing  the  name  at  the  end  of  the 
whole  description.* 

One  of  the  specimens  obtained  was  fortunately  covered  with  young 
sixjcimens  (if  \vliose  relation  there  can  be  no  <loubt  as  Derhtfu  multMriata 
is  th(»  only  Oerbya  in  this  horizon  at  Torrence  where  these  s[»eelmens  were 
found.  Thi*  smallest  .specimen  measnre<I  a  trifle  over  1  mm.  wide.  In  a 
si>ecimen  r>  mm.  wide  the  mesial  septum  is  well  develoi>ed. 

The  high  cardinal  area  is  well  illustrated  l>y  the  measurements  of  t 
sni.Mll  speeimen.  The  ptMlirle  valve  length  was  l^^mm.  ami  width  li  mm. 
The  cardinal  area  was  nearly  square  and  measured  l^  mm.  x2  ram.,  or  larger 
than  the  pedi«-le  valve.  At  no  time  in  its  development  was  it  seen  to  bare 
a  form  identiral  with  tlie  typi«Ml  adult  /).  rrnssti. 

ttKiinsus  Ki\(>r  Section  of  the  IVrinian  and  Penno-(.'arboniferou!«  R4>ckt  of  Kftnvas. 
Hull.  <;«-ol.  Soc.  Ani<.T..  VI.  p.  iO.  1«»I. 

l)«vscrii»iioii  (k's  .Atiinijiux  FosHiles  «lf  Koninck,  pp.  222-224  and  PI.  XHI.  flif.  4a.  b.  C 
ft  rtij.  7,  a.  b,  0,  et  PI.  XI 11  his.  Hir.  7,  a.  h. 

JSiffjethaea  Ueoirnostica  Brunn.  pp.  3«>S-36;i  and  1*1.  II',  f\g.  11,  a.  h,  c. 

•Pal.  N.  Y..  Vol.  VTII,  Pt.  I,  pape  348  PI.    lib,  fle:.  2-3. 
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LIST  OF   SPECIES. 

1.  Fusoilna  sp 800 

2.  Lophophyllum  profundum  Edwards  and  Ilaime 1 

3.  Crinoidea  si),  (plates  and  segments) 

4.  Ceriocrlnus  hemisphericus    ( Shum. ) 1 

5.  Pholidocldaris  sp.    (spine) 

6.  Archeocldaris  sp.  (spines  and  plates) 

7.  Rhombopora  lepidendroides  Meek 30 

8.  Stenopora   carbonaria    (Worthen) 30 

9.  Fenestella  sp 

10.  Flstulipora  sp 

11.  Streblotrypa  prisca  Gabb  and  Horn 

12.  Septopora  sp 

13.  Thamniscus  sp 30 

14.  Bryozoa  sp 

15.  Bryozoa  sp 

16.  Bryozoa  sp 

17.  Orblculoidea  convexa   ( Shum. ) 2 

18.  Crania  modesta  White  and  St.  John 67 

19.  Strophalosia    sp 27 

20.  Dlelasma  bovidens  (Morton)    8 

21.  Seminula  argentia  ( Shepard)    44 

22.  Meekella  striatacostata  (McChesney)    31 

23.  Productus  semireticulatus   (Martin) 39 

24.  Productus  nebrascensis  Owen  84 

25.  Chonetes  granulifera  Owen  293 

28.    Derbya  crassa  (Meek)   79 

27.  Derbya  robu8ta( ?)    (Hall)    1 

28.  Derbya  multistriata  (Meek  and  Hayden) 9 

29.  Ambocoelia  planoconvexa   (Shum.)    10 

30.  Pugnax  Utah  (Marcou)   4 

31.  Psuedomonotis  hawni  Meek   11 

32.  Myalina  kansasensis  Shum 21 

33.  Myalina  swallowi?  (McChesney) 1 

34.  Myalina  sp 1 

36.    Avlculopinna  nebrascensis  Beede , .      2 

36.     Schizodus  wheeleri   Swallow - 21 

87.     Schizodus  sp 2 
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38.  Eduiondia  nebrascensis  Meek  1 

39.  Edmoudia  reflexa  Meek  ; 3 

40.  Edmondia  (?)  2  sp 2 

41.  Allorisma  subcuneatum  Meek 2 

42.  Sedgewickia  grauosum  ( Shiim. )    3 

43.  Allorisma   sp 1 

44.  Aviculopecten  maecoyi  M.  and  H 1 

45.  Chaenomya  leayenworthensis  M.  and  H 1 

46.  Pteria  ohioeusis  (Herriek)    20 

47.  Pteria  sulcata  Geinitz   128 

48.  Entollum    (?)    sp 1 

49.  Nueula   sp 3 

50.  Nueula  ventricosa  McChesney   1 

51.  Yoldia  sp 6 

52.  MacrcHion  sp 1 

53.  Aviculopecten  occidentalis  ( Shum. )   40 

54.  Nuculana  bellistriata  attenuata  Me^  42 

55.  Pleurophorus   sp 1 

56.  Pelecypod  young  species 200 

57.  Bulimorpha  chrysalis  (Meek  and  Worthen) 25 

58.  Euomphalus  catelloides  (Conrad)   25 

59.  Bellerphon  carbonaria  Cox 3 

60.  Pleurotonmria  sp 11 

61.  Bellerphon  sp 39 

62.  (^apulus   sp 1 

63.  Euconispira   sj) 1 

64.  Gastropod    sp.    ( Aclis    ( ?)  ) 300 

65.  Gastropod  sp 200 

66.  Orthoceritite   sp 2 

67.  Bnirdia  bcedei  I'lrich  and  Bassler 100 

68.  Bairdia  bcedei  abrupta  V,  and  B 26 

69.  Kirkbya  I'lnguis  I',  and  B 1 

70.  Paraparchltes  humerosus  V.  and  B 1 

71.  Beyrichella  bolliformis  tumida  U.  and  B 1 

72.  Ostracod  sp 3 

73.  Grlffithidcs  scitula  (Meek  and  W<Hrfeben) t 

74.  Cladodus  mortifer  Newberry  and  Worthen 8 
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EXPLANATION   OF   PLATIOS. 

Plate  I. 

Derhya  multiHtiiaia  (Meek). 

1.  a.  b.  c.   Iteproduoed  from  de  Konlnok's,  pi.  XIII,  f.  7,  a,  b,  c. 

2.  Figure  7a.  pi.  XIII  bis.  of  de  Kouinck.    These  specimens  are  called 
"Orthis  umbracwluin"  by  him,  but  aro  very  different  from  those  figured  by 

Bronn,  from  the  Devonian  of  Riffel,  after  examining  Schlotheim*8  types. 

3a.     SiK'cimen  below  average  size,  but  possessing  an  unusually  blgb 
hinge  area  which  is  symmetrical,  posterior  view. 

3b.    Lateral  profile  of  same  specimen. 

All  figures  natural  size. 


k       "> 
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i*LATIl   II. 

Derby  a  multistriata  (Mec*k). 

1.  Hnichiftl  valve  of  Mi)ec'iinon  with  hij^h  area  extending;  nearly  luick- 
wunl,  due  partly  to  com[)ressioii. 

*J.  Siitiiu  view  of  imother  siMM'iinen  with  low  beak  and  normal  braebiiil 
valve. 

8.  Pedicle  valve  of  anotlicr  si)ec'iinen  Bhowlnj;  surface  marks  and  thir- 
(fMMi  yoiinj:  si)o<'iniens  adlieriii^  to  it.    They  nro  of  the  same  species. 

:h\.  Profile  of  number  3.    Pedicle  valve  uiii>ermo8t. 

A.  A  profile  of  another  and  smaller  sfKH'tmen  with  a  high  aAd  dis- 
torted liinp*  area.     J'edide  valve  uppermost. 

All  fij^ures  natural  si/e. 


^■^ 
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Plate  III. 
Dtrbya  m'ulii striata  (Mecik). 

1.  Hrachial  valv(»  of  a  specimen  with  an  extremely  elongated  beak. 
Shell  adhering  to  it. 

2.  lU'achinl  valve  ot  another  si)ec'inien  showing  its  regular  form  and 
the  surface  marks. 

\\.  Another  spei'inicn,  prohle  view,  with  beak  extending  backward  and 
twisted  to  the  right. 

4.  Posterior  view  of  another  8i)ecimen  with  a  hinge  a  shade  lower 
than  normal. 

r».  A  pfMj  drawing  of  No.  3  of  previous  plate.  Note  the  mesial  septum 
in  the  little  spccin)«Mi.  the  central  one  of  the  three  to  tlie  riglit  of  the  beak, 
which  is  only  five  niillinieters  in  diameter. 

All  figures  natural  size. 

With  thf»  exception  of  figures  1  and  2  of  plate  I.  all  specimens  are  from 
the  top  of  the  Neosho  nieml>er  of  the  (xarrison  formation,  in  the  railroad 
cut  on  the  west  side  of  (Jrouse  <Teek,  near  the  old  station  of  Torrence. 
Kansas,  a  few  miles  west  of  Cambridge. 
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Observations  on  the  Formation  and  Enlargement  of  the 
Tubes  of  the  Marine  Annelu),  {Chaetopterus 

Vatiopedatus), 


Howard  E.  IOndkk.s. 


ChaetopteruH  variopedutus  Is  a  widely  distributed  tublculous  auuelid 
of  the  family  Cimeiopterida.  The  indiviiluals  of  each  euuiUry  and  of  wide- 
ly distributed  areas  in  P^urope  were  classified  as  distinct  h!i)eeies  till  Joy- 
eux-Lafluie  showed  conclusively,  in  180(),  that  they  are  really  a  single 
si)ecie8.  He  also  suggested  that  a  close  study  of  the  si>ecles  In  foreign 
seas  would  probably  result  in  referring  them  to  a  single  8i>ecies.  A  care- 
ful comparison  of  the  spe<'imens  found  at  Beaufort,  North  Carolina,  with 
Joyeux-Laffuie's  detailed  description  of  ChaetopteniH  variopedatus,  leads 
me  to  regard  the  American  representative,  which  Verrill  and  E.  B.  Wilsuii 
named  Chaetopti'ru.s  pcri/atnvntaceusy  as  identical  with  the  single  Buro- 
I>ean  form. 

This  iKTullar  spe<-ies  of  sedentary  annelid  is  fouinl  In  several  localities 
in  the  harbor  of  Beaufort,  North  Carolina,  where  tiie  conditions  for  Its 
existciHO  are  aftordeil  by  the  extensive  sand-fiats,  eitlier  covered  with  a 
Ihirk  growth  of  diatoms  or  continually  exposeil  to  currents  of  water 
heavily  chargi'd  with  these  plants.  It  Is  here  found  living  within  its 
broadly  L-sluii»ed  parchment  tubes  in  nearly  every  i)ortlon  of  the  harbor 
wherever  the  sand-llats  are  formed  in  the  quieter  waters. 

The  i)reseni<'  of  Chaetopterus  may  i)i^  recognized  by  tlie  extremities 
of  tlie  l'-shai)ed  tubes  that  usujilly  protrude  several  centimeters  above  the 
level  of  the  shoal  ( Eig.  .'{).  The  extreniiries  of  some  tul;es  are  cimcealed 
by  aseidians.  colonies  of  bryozoans  or  of  hydrolds,  attached  to  tlieui  so  that 
it  may  be  difii'  ult  to  dete<*t  the  circular  whitish  oi>enlngs  within  the  cluster 
of  attached  animals. 

The  animal  remains  within  its  tube  during  its  whole  life  but,  as  the 
animal  grows  in  size,  it  in<Teases  l)oth  the  length  and  the  diameter  of  Its 
tube.  The  horizontal  portion  of  the  i'  is  of  greater  diameter  thau  the 
conical    verticnl    Jirms    that    protrude   a    few    centimeters   above   the   snb- 
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stratum.  The  .simple  V-forni  is  often  mmlltied  in  tubes  that  occur  in  shoals 
of  sand  and  shells.  Tlie  anjis  may  iiere  bo  S4)  constructed  that  they  turn 
abruptly  aside  from  large  shells  that  are  in  their  wjiy.  TuUms  with  thnn.' 
arms  are  fretjuently  found  (Fig.  4).  These  are  tulK»s  that  have  been  en- 
largetl  by  the  extension  of  the  horizontal  portion  and  the  formation  of 
a  new  (vertical)  arm.  A  septum  at  the  l)ase  of  tlie  internuHiiate  arm  sep- 
arates its  cavity  from  that  of  the  liorizontal  portion.  1  have  found  inter- 
mediate arms  with  little  or  no  sand,  some  completely  tilled,  while  many 
have  lK*guu  to  maa-rate.  10v4'ry  large  tuln^  l>ears  the  shretls  of  one  or  more 
of  thest*  macerated  intcrme<iiate  arms,  or  the  crescentic  scars  that  mark 
their  former  union  with  the  newly  formed  e-v.tensh)n.  The  annulatious 
near  the  orific«»s  and  the  longitudinal  strips  of  thinner,  sand-covered,  parch- 
ment iilternating  with  the  thicker  i^ortion  of  tlie  tubes  rei)resent  successive 
steps  in  the  formation  and  cMilargement  of  the  tubes. 

There  is  ^reait  diversity  in  tlic  siz<»  of  the  tubes.  A  very  young  worm 
formed  a  characteristic  l'-sliai»e<l  tube  thret^  millimeters  in  diameter  at  its 
wider  jH>rtion,  and  one  and  thri»e-fourths  millimeters  at  its  orifices.  The 
distance  bt*tween  the  tjritices  measured  fourtec'n  an<l  one-half  millimeters, 
and  the  length  of  the  arms  (measurinl  from  the  lower  side  of  the  horizontal 
portion  to  its  base)  was  sixteen  millimeters.  1  have  collected  tubes  which 
ranged  in  length  from  six  to  fifty  centinieters  and  with  arms  six  to  twenty- 
two  centimeters  long. 

'i'he  f(»rmation  of  the  fifst  tube  and  the  siibse<iuent  enlargements  wais 
observed  <m  larvae  of  ChavtojttrniH  niritpiKidatus  which  1  was  fortunatt» 
enough  to  eolle<;t  in  the  tow-n(»l.  These  larvae,  which  were  transforming 
from  the  free-swimming  mesatrochae  int(»  the  <reei>ing  individuals,  were 
kept  in  aquaria  of  sea  wat(»r  w«'Il  st(^K*ked  with  diatoms.  When  the  larvae 
move  among  the  diatoms  they  h'ave  a  trail  of  mucus  that  cements  the 
sand  and  <iiatoms  together.  Later  they  make  short.  horiz(»ntal.  nuicu.s- 
c<Mted  tunnels  into  the  mass  of  <liatoms  and  .sand.  One  of  these  tunnels 
may  be  extendwl  to  several  times  the  length  of  the  b<Mly  and  from  this 
simple  tunnel  of  agglutinated  siiia)  and  diatoms  the  larvae  may  build  the 
tub<»  within  which  it  subs<M|uently  remains  eonrtiie«l. 

Tlie  first  tulM»  in  which  the  birvne  lives  ami  fe«'(ls  for  several  days 
is  nearly  a  iniillmeter  in  dianu'ter  and  from  (^iglitivn  to  twenty-two  milli- 
meteits  long.  It  is  eitlM»r  a  straight  tiibe  or  a  .shallow  T  whose  curved 
rK>rtlon  is  downward. 

fO— 181921 
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Alter  an  interval  of  a  day  or  two  In  the  muons-f-oated  tunnel  the 
young  worm,  for  it  is  now  an  adult  in  miniature,  has  outgrown  it  and  a  new 
tube  is  constructed.  This  is  done  by  splitting  the  tube  at  a  point  where 
the  upright  arm  meets  the  liorizoutal  i)ortion,  in  a  U-shaped  tube,  or  near 
one  end,  in  a  struiglit  tube,  and  then  excavating  a  tunnel  obliquely  down- 
wards and  after  nearly  doubling  the  length  of  basal  portion  upwards  to  the 
surface.  This  is  its  tlrsl  lateral  enlargement.  The  sand  which  the  wonii 
excavates  in  constructing  this  extension  is  expelled  from  the  opposite  end 
of  its  first  tube.  The  walls  of  the  tunnel  are  toated  with  mucus  as  the 
tunnel  advances,  so  that  the  I'-shapiHi  tube  is  comi^leted  when  the  exca- 
vation reaches  the  surface.  The  tube  becomes  strengthened  from  time  to 
time  by  additional  layers  of  mucus  that  hardens  to  form  a  parchment-like 
material  that  gives  the  older  tubes  a  laminated  structure.  They  are 
enlarged  in  the  same  vertical  plane  unless  prevented  from  doing  so  by 
some  obstruction,  as  a  shell,  wlien  they  turn  obliquely  along  the  surface 
of  the  obstruction  or  abandon  the  new  enlargement  and  construct  an  en- 
largement from  the  opposite  end  of  the  tub<\  Two  or  three  days  later  the 
process  is  repeated,  iwssibly  by  the  extension  of  the  opposite  end  of  the  tube. 
The  horizontal  portion  of  each  new  enlargement  is  larger  in  diameter  and 
is  buried  deei)er  in  the  sand  than  the  tube  from  which  it  is  a  branch 
(I'ig.  4).  lOnlargements  are  In^iuently  of  such  length  as  to  double  the  slxe 
of  the  U-tube,  and  are  completed  to  the  surface  of  the  sand  in  from  twenty- 
four  to  forty-eight  hours.  They  are  made  indifferently  at  one  end  or  other 
of  the  smaller  tube.  The  fate  of  the  intermediate  tubc»s  has  been  discussed 
in  another  part  of  the  present  i)aper. 

The  burrowing  is  done  by  the  autt-rior  region  of  tiie  worm.  Its  setiger- 
ous  sogmi'uts  dislodge  the  sjmd  and  i)ass  It  to  the  middle  and  iKWterhir 
regions  ol'  the  lM)dy,  and  they  ronvry  it  bjickwards  into  the  tulu*  ii;.  the 
combined  eonlnution  and  expansion  of  the  btxly.  and  the  rythmic  move- 
ments of  the  palettes  and  lobes  of  the  segments.  The  worm  ceases  burrow- 
ing at  intiTvsils  of  a  few  minutes  and  expels  the  accumulated  sand  at  one 
end  of  the  tube  aromid  whicji  it  fnlls  and  forms  a  mound;  the  other  end, 
or  inierniecliate  tub'',  is  the  inrurrent  tube  so  long  as  the  burrowing  is  In 
[irogress,  but  vvliei!  tin*  new  burrow  is  complete  a  septum  of  parchment  Is 
forinctd  across  the  base  (.f  the  int(?rniediate  tube  and  it  ceases  to  be  of  any 
use  to  the  worm. 

The  worms  which  form  their  tubes  in  aquaria  with  a  tliin  layer  of  saad 
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nod  diatoms  ou  the  bottom  eoiiforni  to  the  T '-habit,  though  in  a  horizontal 
plane,  with  one  aide  of  the  tube  cemented  to  the  floor  of  the  vessel. 

The  linear  extensions  of  the  tubes  are  formed  at  such  intervals  as  the 
rapid  growth  of  the  worm  requires,  '1  he  length  of  the  tubes,  and  the 
dates  on  which  the  enlargements  were  completed  by  ti;\'o  worms  which 
1  reared  from  larvae  taken  in  the  tow-net  are  as  follows:* 


Specimen  >.o.  2. 


Specimen  No.  4. 


DifltaDce 
FiPtwecD  arms. 

Date. 

Distance 
between  arms. 

Date, 

20  mm. 

August     7, 

100."i. 

20  mm. 

August     7, 

1905 

38  mm. 

August   10, 

UK  15. 

32  mm. 

August    9, 

1905 

00  mm. 

August  15. 

lOOo. 

(»1  mm. 

August  16, 

1905 

Early  in  September  of  1905  I  collected  three  worms  whose  tubes 
averaged  fifty-one  millimeters  between  the  orifices  and  five  whose  recently 
discarded  intermediate  arms  were  sixty  millimeters  from  the  ends  with 
which  they  formed  the  smaller  U-shaped  tubes.  The  horizontal  extensions 
in^Teased  their  length  to  fifteen  centimeters  in  the  smallest  and  twenty-two 
and  one-half  in  the  longest  specimen.  Many  thick-walled  tubes  are  found 
with  s<.*ars  of  intermediate  arms  which  Indicate  that  they  were  increased 
from  at)out  this  size  to  about  forty  centimeters.  The  longest  tubes  show 
that  they  were  increased,  by  a  linear  extension  of  ten  centimeters,  to  fifty 
centimeters. 

The  tui>es  also  undergo  an  enlargement  in  dijinieter  as  the  animal  grows 
in  thickness.  This  splitting  and  enlargement  of  one  of  its  arms  I  observed 
in  8|iecimen  No.  4  during  one  nis^ht  in  September  of  1905.  The  worm  pushed 
the  rim  of  the  buccal  funnel  nearly  to  the  margin  of  the  orifice,  and  slowly 
moved  the  ends  of  the  tentacles  ovor  the  rim  of  tlie  tube.  (In  order  to 
enter  this  narrow  iK)rtion  of  the  tube  from  below  the  edges  of  the  buccal 
funnel  and  anterior  recion  of  the  body  was  curved  dorsal wjirds  and  con- 
siderably contracte<l  till  they  become  conical  in  form.)  Tlie  animal  re- 
mainetl  in  this  position  in  the  tube  al>out  tive  seconds  tht^n  slowly  with- 
drew into  the  deeper  portion.  This  was  repeated  in  thirty  sec<mds  but  this 
time  it  withdrew  only  to  the  level  of  the  sand.     Here  the  worm  suddenly 


♦Botli  worms  enlarflred  their  tuben  to  76  and  71  millimeters,  respectively,  between 
.September  12th,  when  they  were  broujrht  to  the  Biological  fiaboratory  of  the  Johns  Hop- 
kinx  University,  and  my  return.  October  4.1903.  The  worm  in  No.  4  had  extended  its 
tiib«*  to  the  (flaHS  wall  of  the  a<|iiarium  on  May  8-9.  1906.  Tiie  I'-shaped  tube  now  meas- 
ured 85  millimeters  between  the  orifices. 
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oximiuIcHl  th('  first  ]mir  of  setigerous  sogmouts  and  si^lit  the  tube  longitudi- 
nally at  its  outer  side,  then  withdrew  quickly  into  the  divider  ix^rtion  of  the 
tube.  Fifteen  or  tWiMity  se<'onds  later  the  worm  reai)i)eared  at  the  level  of 
the  sand,  extended  the  rent  a  little  liijriier  and  witlidrew.  Tills  actiou  was 
repeated  five  tiuit»s  in  extending:  the  rent,  .st»ven  millimeters,  to  the  end  of 
thf»  tul)e.  The  vvut  was  produced  by  means  of  the  expansion  of  the  mus- 
<nlar  setij;erous  rej^ion  and  not  by  the  sharp  lan(*e-shai>e<l  setae  as  one 
miffht  suppose.  The  rent  occurnMl  in  a  iN^sition  opposite  the  ventral  sur- 
face of  the  l>ody.  When  tiie  tul>e  was  split  to  its  extremity  the  wonu 
tlirust  one  side  of  the  anterior  rejrion  through  the  cleft  and  removed  the 
sand  about  it  by  means  of  its  setii^erons  notoi)odia.  They  pressed  a  i>ortion 
of  the  sand  aside  Imt  some  was  removtMl  backwards  into  the  tul)e  and  later 
discharged  at  the  other  end. 

When  the  tube  was  split  to  its  end  the  worm  spread  the  basal  portion 
of  tlie  rent  by  a  sliirht  expaiisimi  of  the  ventral  side  of  its  lower  lip  and 
the  foremost  i»<>rtion  of  the  anterior  region.  The  worm  remained  in  this 
position  for  fifteen  or  twcMity  s<Hf>nds  then  withdrew  into  its  tube  for  a 
lialf  minute,  after  which  it  t<xik  a  i>osition  a  little  nearer  to  the  orifice  of 
the  tube.  The  performance  was  rei>eated  till  the  edges  were  reunited  by  a 
wedge-shai)wl  insertion  of  iiaroliment  that  widened  to  three  niillimeterH 
just  below  the  lev<»l  of  the  sand.  1  could  not  determine  which  region  of 
the  bo<ly  was  most  active  in  the  se<Tetlon  of  the  mucus,  which  becomes 
I>archmeiit-like.  but  1  observed  tliat  it  was  shaped  by  the  lower  lip  of  the 
buccal  funnel,  and  that  the  parchment  film  had  advanced  a  little  higher 
each  time  the  animal  ai)plicHl  its  ventral  lip  to  the  cleft.  The  splitting  of 
th(*  tube  and  the  closure  of  the  rent  were  crnnpleted  in  thirty-live  minutes. 

Tht?  splittings  <)<cur  indilTerently  on  any  portion  of  the  clrcumferenw 
of  the  tube,  but  they  are  foiuid  <lilct1y  on  tlie  upiKT  side  of  the  horizontal 
I>ortion.  When  they  are  extensiv**  it  is  indic:ite<l  by  the  abundance  of  sand 
dischar^^ed  at  long  intervals  from  one  arm  of  the  tul)e.  I  have  found  some 
large  tuh(^  that  had  strips  of  thhi  i)arclnnent  two  centimeters  wide  and 
as    long   as    tli<»   horizontal    portion    of   the    tul)e. 

The  new  portion  of  the  wall  is  thin  and  membranous  at  first  and,  while 
it  bet-onies  thirker  with  age.  can  be  observed,  long  after  its  formation,  as  a 
strip  somewhat  thinner  than  the  remaining  {portions  of  the  wall.  Its 
inner  surface  is  sinootli.  like  the  iinier  wall  of  the  other  iwrtion,  and  its 
outer  snrfa^M'  is  siniilMriy  jonimmmI  with  sand.  The  wide,  horlzimtail  jiortioD 
<if  nearly  every  tnl)e  bears  one  or  more  of  these  strips  Inserted  between  the 
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edges  of  a  thicker  laminated  wall.  This  was  true  even  in  the  smallest 
j«l>ecliiien8,  No.  2  and  No.  4,  which  I  mentioned  on  imge  131.  The  diameter 
of  their  tubes  was  twice  enlarged  while  they  were  thirty -eight  and  thirty- 
two  millimeters  long,  respectively,  and  l>of()rc  they  constructed  the  next 
linear  enlargement. 

The  outer  surface  of  the  tubes  is  everywhere  coated  with  sand,  except- 
ing about  the  terminal  iwrtions  that  protrude  above  the  sand  flats  in 
which  they  are  imlKHlded.  These  terminal  portions  have  one  or  more  annu- 
latious  that  give  them  the  appearance  of  being  formed  of  rings  that  dimin- 
ish regularly  in  size  upwards,  so  that  the  bases  of  tlie  smaller  rings  are 
overlapped  by  the  top  of  the  rings  next  below.  Each  ring  represents 
tlie  successive  height  of  the  orifice,  though  not  its  diameter,  for  they  are 
split  from  time  to  time  as  I  have  just  mentioned.  They  are  moulded, 
lilce  the  other  portions  of  the  tube,  l)y  the  ventral  lip  of  the  buccal  funnel, 
and  the  length  of  each  ring  reprt^sents  the  height  to  which  the  lip  was 
extendCHi  when  the  ring  was  formed.  The  rings  are,  at  first,  very  thin  and 
tran8i)arent  but  they  become  laminated  by  successive  additions  of  mucus 
to  their  inner  walls.  The  laminae  of  which  they  are  the  free  ends  may 
be  seiwrated  with  ease  from  those  next  below. 

SUMMARY. 

Tlie  principal  points  that  I  have  attempted  to  bring  out  in  this  paper 
are: 

1.  The  tubes  are  formed  by  the  worm  fronj  mucus  so<T(»te<l  by  certain 
cells  of  the  body.  Before  the  mucus  hardens  to  a  parchment-like  material 
it  Is  molded  by  the  ventral  lip  of  the  buccal  funnel. 

2.  The  tubes  are  first  formed  as  tuiniels  in  the  diatoms,  but  later  they 
have  the  form  of  a  U. 

3.  The  tubes  are  enlarged  either  in  length  or  diameter  or  by  a  combi- 
nation of  tK)th  these  methods. 
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N^OTES  ON  THE  AuTIFK^rAr.  FERTILIZATION  OF  THE  EgGS  OF  THE 

(\)MM()N  (^i.AM,  (VcHHs  Merci'uaria). 


11.  E.  Knders  ani>  it.  D.  Alleb. 


In  view  of  the  ctoiioiiiir  iiiiiKirtaiice  of  the  common  chini  we  eudeavorwl 
to  artltlcially  fertilize  its  e^jis  duriuji  the  past  summer^  at  the  UnittHl  Statw 
Fisheries  Laboratory,  at  Heaufort,  North  Carolina.  Many  clams  were  full 
of.egj?s  or  contained  active  spermatozoa  when  we  tii*st  examined  them  in 
July.  This  condition  iirevailed  till  the  12th  of  September,  but  early  in 
November  of  this  year  ilie  siH>rniatozoa  were  not  active. 

Several  times  diirinj;  .Inly  and  August  we  fertilized  the  eggs  by  the 
addition  of  active  s]>ernia(oz<ia  from  several  males  and  observed  the  matura- 
tion of  the  egg,  tlu»  segmentation,  and  the  early  trochopliore  stage.  In 
one  instance  (August  1,  \\M)\\)  the  deveh)pment  continued  to  the  young 
vellger  stage. 

'I^he  femaU»  sexual  element  is  a  iR'ar-shaiKMl  cell  in  which  a  largi* 
germinal  vesic'le  is  found.  Many  of  the  cells  l>e<ome  si)herical  I1ftet»u  or 
twenty  minutes  after  the  addition  of  active  spermatozoa.  The  eggs  then 
show  no  further  eviden<-e  of  hi'iug  fertiliz<'d  till  two  hours  after  the  addi- 
ticm  of  siKTin.  when  the  first  polar  body  is  <*ast  olT  and  tliis  followed  by  the 
stM-ond  ;it  an  interval  of  twenty  t»r  thirty  minutes.  Thirtj*  uiinuttHi)  later 
the  egir  passes  into  the  two-<elle<l  stage  by  a  holoblastic  and  unetiual  divi- 
sion. The  next  division  <M*curs  in  a  pl;nu»  at  right  angles  to  the  lirst  and 
this  is  followed  by  division  in  a  plane  at  right  angles  to  the  other  two. 

Tln'  <(»IIs  diviilc  synchyonously  uj*  to  the  thlrty-tw<Mvlled  stage  but 
W4'  were  nnablc  to  determine  whether  this  continues  iwyond  this  stage. 

The  jM'rcentjig(?  of  eggs  tiiai  <-<»uld  be  fertilized  was  small  during  July: 

it  incn*;iscd  during  Angnsi  :ind  Sei)tember.  Init  din'ing  NovemlK»r  the  sjier- 

ni.itozoa  were  not  a' live  mikI  tlic  eggs  <'<aild  not  !»«'  fertilized. 

While  we  have  not  re.iclHMl  a  (li'tinite  conclusion  regarding  tlie  lirecnling 

hal)lts  of  the  connnon  <  i:ini  we  feel  that  thesi'  dabi  ixva  themselves  signifi- 
cant. 

'Suiniiier  (»f  iWifi. 


137 


Detebmination  of  all  Surfaces  for  AVhicic,  When  Lines 
OF  Curvature  are  Parameter  Lines  (u=^^,onst.,  v= 
eonst.),  the  Six  Fundamental  Quantities,  E,  F,  G,  L, 
M,  X,  ARE  Functions  of  One  Variable  Only. 


Wm.  U.  Bates. 

The  following  aimplifioatious  come  out  of  the  data : 

(1)  F==0  =  M  (Since  lines  of  cnryatnre  are  parameter  lines). 

(2)  The  Y  —  derivatiye^  of  E,  G,  L,  N  vanish.  (Since  the  latter  are 
f nnotions  of  a  only. ) 

(3)  We  may  substitute  for  u  a  function  defined  by  the  equation, 

Edu*  =  du'«, 
which  makes  E,  G,  L,  and  N  functions  of  u^  only.    Also  the  system  of 
parameter  curves  is  (as  a  whole)  not  changed,  for  when  u  =  const,  u^  = 
const  also.    Now  if  we  drop  the  prime  from  u^,  the  substitution  has  exactly 
the  eifect  of  making  E  =  1. 

Let  (Xi,  Yi,  Zi)  and  (Xs,  Y2,  Zs)  be  direction  cosines  of  tangents  to 
the  Y-ourve  and  u-curve  at  any  point  of  the  surface.  These  tangents, 
together  with  the  normal  to  the  surface  (direction  cosines  of  which  are  X, 
Y,  and  Z)  at  the  point  form  a  rectangular  system  of  axes. 

fix  rfy  Sz 

(1)  Xi  =  — ;  Yi  =  — ;  Zi  =  —  (since  E  =  1). 

r^U  <^Vi  r^U 

1     »<x  1     rfy  1     f^z 

(2)  X8  =  — — ;Y,  = —;Z2  = 

|/  G  ^  1/  Q  rfv  1/  G  f^v 

Then  the  differential  equations  for  the  general  surface  (see  Bianchi, 

1902  Edition,  p.  128)  become  after  introducing  the  above  simplifications, 

^1 
(8)    —  —  LX 

«i      d^/G 

(4)  —^ X2 

iW        du 

'iXj 

(5)  —  =  0 

rTu 
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(6) 

<5Xj        N             dv/G 
-          X                 Xi 

rfv        v^G             dn 

a) 

f^X 

—       LXi 

(8) 

(^K              N 
Xj 

dy             /Q 

and  similar  equations  for  T  and  Z. 

Note.  These,  totrether  with  the  simplified  (4auHS  and  Codazzi  equations,  should 
ffive  by  intefiration  the  reciuired  surfacen.  In  the  attempt  to  perform  the  inteannitionithe 
followinflT  flreometric  Holution  was  reached.  I  hope  to  complete  the  solution  by  inteirratioo 
later. 

The  v-curiu'ii  make  piin/'ipal  sections. 

The  equation  of  principal  normal  to  the  surface  is 

^"  — X       f/  —  j       C  — z 


d^x  d«y         d^z 


ds*  ds'  ds* 

dx        dx 

—  =:     -  along  v-curve 

ds       dsv 

dx 

=  —  ,  since  dsv  —  i/E  du  =  du 
du 

r^x       <^x  dv 

fin       fiy  du 

fix 
=  —  ,  since  v  --^  const. 
fin 

=  Xi 

d^x       ^^Xi 

—  =  —  =  LX. 

ds^       '^u 


Similarly  for  y  and  z,  giving 

i  —  X        //  —  y       :  — z 


X  V  z 

which  is  the  normal  to  the  surface  at  (x,  y,  z). 


139 

Tht^  v-curties  €tre  also  plane  ruircif. 


1  7d7v«         ,d/iv«        .drv« 

Torsion  =  =  ^/l  — 1  +  |— )-}-  l~"|    where   > ,  //,    »•  are   direction 

ooflinee  of  bi-normal  to  oorve  (here  Xs,  Y2,  Zt) 

dXs     dXi      AXi  dYs  dZs        1 

-  =  —  =  —  =  o  and  similarly =  o  —  —  .  *.  --  o. 

dsv       da        t^xL  ds  ds        T 

The  U'CtATves  have  constant  radius  of  curvature. 
The  equation  of  radins  of  coryatnre  is, 

1        /d*x\'       /dW       /^*^\' 

P«  ~  V  ds«/        V  d8«/         V  ds'/ 

dx       dx 

--=  —  =  X2 
ds       dsu 

d«x        d 
—  =  —  Xs 
ds*       dsu 

rfXi  dv 

t^T    dSu 
1       rJXj 

,  since  dSu  =  i  G  dv 


|/G  *Jv 

d«x         1    /N             d^/G      \ 
_  =  — (_X X,) 

da*       yG\i/G  du        / 

d«y         1     /  N              d,  G      \ 
So.  —  =  I Y Y,) 

ds*       v'QVi/G  du        / 

d«z  1    /  N  di/G 


ds> 


1    /  N             di/G      \ 
_I_Z Z.) 

I  G\>/G  du        / 


I         1    rN»                  N                      /<ivG\=  1 

-  =  —   I—  1X»— 2 iX,X-h  I I    ^X?    I 

/>»       Q  Lg  I  G  \   du  /  J 


i:x»  =  1  =1  iix;  -f  i'X ,  X  =  o 


1         1    FN'      /^v'^\^l 

/>'  ~  G  Ig       V  du  /  J 

=  function  of  xn^  only. 
'.  const  for  u-cnrves. 
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The  u-curi'es  are  also  pkiM  curves,  and  therefore  circles. 
We  may  write  equation  of  torsion  injthe  form, 


1 
T  "" 


y'     z' 


j//  y//  y// 

j///       y///       2^^/ 


(where  primes  denote  derivatives  with  resi)eot  to  s). 
From  last  paragraph  we  havejfor  u-cnrves, 

d^x  1     ^^X. 


X''  = 


ds^       \/  Q  f^Y 
d    /    1     <^X 


x'''  =  — 


ds„  V/G   'W  ) 

i^    /    1     c^X.A   dv 

f»V    Vt/G     r^v  /  dSn 


V 

1   f^-'X 


G    fiyf^ 


- -f-  I I    IX^fromCe).  (4)and 

G       \  du  /   J 


(8) 


x'^'  =  0(U)  X3 
z''^  =  9(n)Z, 


1 

—  —  —  ^,2<^(u) 


\ 


G 


X 2      X  2     ^2 

r^XjA^^Z, 
<lv      '^V     '^V 
X  o    Y «    Z ., 


=  0 


Since  the  a-corves  are  plane  and  have  constant  radi  of  onrvatnre  they 
are  circles. 

Finally,  the  plane  of  each  v-can^e  is  normal  to  every  n-cirole»  and 
therefore  passes  through  its  center.  The  intersection  of  any  two  v-planes 
determines  the  line  of  centers  of  the  u-circles.  Thus  all  the  reqoired  fur- 
faces  are  surfaces  of  revolution.  Taking  the  line  of  centers  of  n-ciides  •■ 
z-axis  and  the  plane  of  any  u-circle  as  xy -plane,  the  equation  of  onr  fur- 
faces  are 


B 


X  --  u  .  cos  V 
7  —  u  .  sin  V 

/     -  f(v) 
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Liner  on  the  Psei'^dospherk  and  the  Syntractrtx  of  Rev- 
olution. 


E.  L.   Hanc(k:k. 

introduction. 

Consider  two  sarfaces  of  revolution  S  and  Si  generated  bj  the  revolu- 
tion of  the  curves  C  and  Oi  about  the  Z  axis.  Oi  is  formed  by  taking  on 
the  tangents  to  O  distances  equal  to  the  constant-k^  times  the  length  of  the 
tangents.  The  length  in  each  case  is  measured  from  the  z-intercept  toward 
the  point  of  tangency.  Let  C  =  O  be  given  by  z  =  f  (u),  then  Ci  --  O  will 
be  given  by, 

zi  =  (L  —  l)uif '(Lui)  -h  f(Lui) 
where  L  =  1  k'  and  the  equations  of  transformation  from  S  lo  Si  are, 

u  =  Lui 

(1) 

V  =  Vl 

When  the  length  of  the  tangent  to  the  curve  O  is  constant,  as  in  the 
tractriz,  the  curve  Ci  is  the  syntractrix  (see  Note),  and  the  surfaces  S  and  Si 
are  therefore  the  pseudosphere  and  tiie  syntractrix  of  revolution. 

What  follows  is  the  study  of  lines  on  these  surfaces.  The  geodesic 
lines  on  the  i)seudosphere  have  been  studied  by  means  of  lines  in  the  plane. 
This  surface  being  one  of  constant  negative  cur\'ature  ( — 1)  may,  accord- 
ing to  Beltrami  (see  Note  2),  be  represented  geodesically  by  a  system  of 
straight  lines  in  the  plane. 

Mucii  of  the  work  outlined  here  for  geodesies^ on  the  pseudosphere  may  be 
found  in  Darboux,  Theorie  dee  Surfaces,  Vol.  Ill,  and  is  given  liere  only  in 
the  way  of  review  and  for  completeness. 

The  claim  made  for  the  originality  in  this  part  of  the  work  is  in  (1) 
the  classification  of  the  geodesic  lines  and  the  study  of  certain  systems  of 
geodesic  lines  and  their  corresponding  lines  in  the  plane;  (2)  the  tmmjorma' 
(ions  of  the  yyntem  of  chHes  into  straight  lines  by  making  use  of  tlie  sphere, 

NoTB  1.— The  syntractrix  Ih  dt'Hni'd  as  the  curve  ireiicrated  by  takinir  a  congtant  dis- 
tance on  the  tanffents  to  the  tractrix.    Peacock,  p.  175. 

Note  2.— Heltranii.  Annali  di  Mutematioa,  Vol.  7,  p.  185 

Bianchi,  Lukat,  DilTerential— (ieometrie,  p.  4;i«. 
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as  indicated;  (8)  the  study  of  the  asymptotic  lines  and  the  loxodromic  lines 
on  the  psendosphere  and  their  representations  in  the  plane. 

In  tlie  second  part  of  the  work  the  lines  on  the  syntractrix  of  reyoln- 
tion  are  studied.    This  work  so  far  as  I  know  has  never  been  done  before 
In  it  I  have  worked  out  the  equations  of  the  geodesic,  asymptotic  and  loxo- 
dromic lines.     These  have  been  studied  in  particular  by  classifying  the 

surfaces  Si  according  as  d  —  2C,  where  C  is  the  length  of  the  tangent  to 

the  tractrix  and  d  the  constant  distance  taken  on  that  tangent.     When 

d  =  20  it  happens  that  the  geodesic  lines  on  S]  are  all  re»l  and  that  the 

geodesic  lines  for  d-    20  are  real  or  imaginary  according  as  r*       ki  k    . 

The  loxodromic  lines  are  represented  in  the  plane  by  the  same  system 
of  straight  lines  as  the  loxodromic  lines  of  the  psendosphere.  The  draw- 
ings are  given  for  the  sake  of  clearness. 

CHAPTER  I. 

Geodesic  Lines  on  the  Psbudospheke. 

Taking  the  equation  of  the  tractrix  in  the  form, 

X  =  0  cosh.-^c  y  —  (C*  —  v*)^  *  we  get  for  the  given  surface, 

x  =  u  cos  V  (2) 

y  =  u  sin  v 

7.  —  Q  C08h.-»c  u  —  (G«  —  n^y  « 

and  the  fundamental  quantities  of  the  Gaussian  (see  Note  1)  notation  are* 

E  =  C«/u«,  F  r^  0.  G  —  u2,  D  —  (02)  (u(0«  —  u»(»  «),  D'  =  0, 

D^^  =^  — u(02  —  u2)i  2,  K  =  —  1. 

Using  the  method  of  calculus  of  variations  as  developed   by  Weier- 

struss  (see  Note  2)  to  obtain  the  equations  of  the  geodesic  lines,  we  have 

to  minimize  the  integral, 

1=   \l  (Edu*  -f  2Fdudv  +  Gdv')  i  Mt 

=     i\   ((02u'2)     (U-)    -f-  U=V'2,I     2<it       ^      rt    y/^j 
J  lo  J  Co 

Legeudre's  condition  for  a  minimum  is  Fv  —  (d  dv)Fv''  =r  0  where 
(  Fv)  —  (i\Y)  (r^v)  and  Fv'  =:  {iSF)  (<5v"). 

Here  Fv  ---  0,  so  that  we  get  as  the  equations  of  the  geodesies 

Fv'  --r  (u^vO  ((O'u^  u»)    i   u=v'-)i   '  — Qc  (8) 

Wliere  x  is  the  constant  of  integration. 

Note  1.— Bianehi,  Differential-Geometrie,  pp.  61  and  87. 
XoTK  2.— Kneser.  Variation «*rechnune:. 

Osfirood.  Annals  of  Matbcmatics.  Vol.  2.  p.  106. 
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In  considering  these  curves  two  cases  may  arise,  (1)  when  oc  =:  0, 
(2)  (x.  ±0,  Case  (1)  when  ac  —  0,  either  u  =  0  or  v'  =  0.  But  u  rb  0 
hence  v^  =  0  and  so  v  =  constant.    That  is  the  meridians  are  geodesies. 

Case  (2)  when  x    +:  0,  (3)  becomes 

V  r=  (O  au)  (u*  —  X  2(1,  ^  +  i  (4) 

This  may,  however,  be  put  in  a  more  convenient  form,  since  in  the  present 
case  the  geodesic  lines  v  =  constant  all  meet  in  a  point  and  the  curves 
u  =  constant  form  a  system  of  geodesic  circles  —  the  orthogonal  trajec- 
tories of  the  meridians.     Under  such  conditions  E  may  be  equated  to  unity 

(see  Note  1).    The  new  U2  is  then  given  by  the  relation  us  =r   C  {E)^/*d\i, 

Hence  u  =  e"^  c.  Replacing  in  (4)  u  by  its  value  just  found  the  equation 
of  the  geodesic  lines  becomes 

v=  (C  X  )(1 —«  »e-2»  c)i  »  t  1^  (see  Note  2) (5) 

This  equation  may  be  used  to  determine  the  allowable  values  of  oc 
and  >.    The  constant  i3  being  additive  has  no  effect  except  to  turn  the  sur- 
face about  the  z  axis.    Tlius  a  geodesic  line  given  by  one  value  of  /i  may 

be  made  to  coincide  with  one  given  by  another  value  of  3  by  revolution 
about  the  z  axis,  x  remaining  constant.    ,i  may  vary  from  —  »'  to  +  x . 

From  (5)  it  is  seen  that  the  lines  are  real  or  imaginary  according  as 
X  2e->»' ^  =  1, 

<-;■ 

(1)  Letx'*e-2"  0  >1,  then   !  x  |    >e"  <•. 
But  for  the  {iseudosphere  u,    C  log  0  so  that  the  geodesies  will  be  imagi- 

nary  when    I  x  |        O.     (2  &  3).     Let  x  ^e-'"  c  =  l,  then   |  x   |   ^  e"/c. 

Hence   {  x  1  =rz  O  gives  real  geodesies. 

Equations  (5)  may  be  transformed  into 

X  »(v»  -f-  C*e-2a  c)  —  2  3  x'V  ^-  i    V-.x.  -  —  0»)  —  0  which  when 
v'  -t:  O'e— *"/c  i=  y 

v^x  (6) 

may  be  represented  in  the  plane  by  the  straight  lines, 

y  =  2,3x —  (,'?* —  OV'x ')  (7) 

(6)  may  be  broken  up  into  two  transformations 

(a)  V  =  X 

Oe-°'c  =  y 

NoTK  1.— Knoblauch,  Theorie  der  Kniminen  Fl&**hon.  p.  VA3. 
Note  2.— Bianchi.  p.  419. 
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whicli  transforms  S  conformallj  on  the  plane  so  that  the  (ifeodesics  lines 
^o  over  into  the  circles, 

(X  — /^)2  ^   y2 —  0=  3C  3  (SeeNot«l) 

and(b)  y-(y—  x^)'/^  ^  ^^^ 

wliich  changes  the  circles  into  the  straight  lines, 

y  =  2;^ix  — /VH- CVa  2  (10) 

By  (9)  the  x  axis  goes  into  the  parabola  x'  =  y  and  all  the  lines  y  =  con- 
stant go  into  the  parabolas  x  ^  ^=  y  -4  constant.  The  whole  npper  i)art  of 
the  plane  is  represented  inside  the  parabola  x '  ^  y.  The  points  on  the 
lines  X  —  constant  are  moved  along  the  lines.  The  origin  is  tlie  fixed  point 
of  transformation. 

Circles  concentric  at  the  origin  correspond  to  lines  y  -  constant  while 
every  system  of  concentric  circles  on  the  x  axis  goes  over  into  a  system  of 
parallel  lines.  A  system  of  circles  given  by  (8)  passing  through  a  point 
corresponds  to  a  system  of  lines  throngli  a  point.  A  system  of  circleg  with 
the  y  axis  as  radical  axis 

x=  +  y- —  2..?x  +  k==:0 

and  their  orthogonal  trajectories, 

x2  f  y2  — 2hy  =  -f  d'  (See  Note  2) 

corresponds  to  a  sheaf  of  lines  and  a  sheaf  of  conies. 

The  geodesies  v  =:  constant  correspond  to  the  lines  x  -=  constant  i.  e. 
to  the  diameters  of  tlie  parabola  x  ^  ~  y.  The  entire  real  part  of  the  sur- 
face S  is  represented  in  the  xy — plane  by  the  strip  y  =  C  y  =  C/e 
and  in  the  xy— plane  by  the  strip  included  by  the  curves  x*  =  y  —  C 
and  X  -  =  y  —  C  -  e  -.  The  circles  of  (8)  tangent  to  the  line  y  =  O.  e  go  over 
into  a  system  of  straight  lines  enveloping  the  parabola  x*  —  y  —  Ce*. 

Since  the  representation  given  by  (8)  is  conformal  it  is  interesting  to 
note  that  the  lines  y  =  constant  may  be  considered  as  the  envelop  of  a 
Hystcm  of  circles  of  constant  radii  and  centers  on  the  x  axis  giren  hy  the 
equation, 

(X—   ■i)'  +  J-.r-.C'rk' 

corresponding  on  the  surface  to  the  geodesies, 

vM   C-e-="  c-2Vv   M  ^- —  C=  k=)  =0  0-    k  =  e 

Note  I.-Bianchi,  p.  41tf. 

Note  2.— Salmon's  Ooiil*'  Sections,  p.  100. 
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These  may  be  regarded  as  a  system  of  geodeisics  iiavdng  as  an  envelop  the 

geodesic  circles  a  =  ki  0-.  ki=0.    A  system  of  concentric  circles  with  the 
centera  at  any  i)oint  (e,  0)  on  ox  gives  the  geodesies 

v»  4  0»e-*"  ^  —  2ev  -h  e=  —  C  a  ^  _  q 
If  X  ,ii  =r  O  we  get  a  system  of  circles  through  the  origin 

X^^.  y2  — 2/^X  =  0 

which  correspond  to  a  system  of  geodesies  through  a  i)oint.    In  this  case, 
howeyer,  the  point  is  not  a  real  point  of  S. 

A  system  of  circles  with  the  centers  on  ox  and  passing  through  a  point 
ou  the  line  y  =^  k,  O  e-  'k>  O  envelops  a  unicursal  quartic  of  the  form, 
Ay«  -h  A,x2  4-  A,x2y2--h  2A,x=y+  2A,xy=  +  2A,xy  =  0 

This  system  of  circles  corresponds  to  a  system  of  geodesies  through  a 
real  point  and  the  quartic  curve  to  the  geodesic  envelop 
e-'"/«'(A-^  A,v2  +  2A^v)-r-  e-"/c(2A30-'v2 -f  2A,C-»v) -u  (A,.  O^'jv^^O 

In  this  case  the  circles  have  a  second  common  point  on  the  line  y  =  -  -  k 
80  that  the  quartic  envelope  (which  in  this  rase  is  imaginary),  having  four 
nodes,  breaks  up  into  two  circles  which  are  themselves  curves  of  the  sys- 
tem and  therefore  correspond  to  the  geodesies  of  the  surface. 

The  orthogonal  systems  cf  circles, 
x'  4-  y*  — 2,^x-r  b=  =0 

x'+  (y  —  h)2  =  h=  -h  b^ 

having  the  radical  axis  correspond  to  the  geodesies 

v»  -f  0*e-'"  c  _  2.?v  -j-  b=  =  0 

and  their  orthogonal  geodesic  circles 

V' 4-  C^e-^"  c  _  2hCe-"  c  f  b-  :^  0 

These  may  be  such  that  the  limiting  points  of  the  circles  are  real  and 
distinct,  coincident  or  imaginary.  It  is  interesting  to  note  that  this  sys- 
tem of  circles,  which  in  so  many  problems  in  applied  mathematics  repre- 
sents lines  of  Jimv  and  equipotential  lines  may  be  mapped  conformally  on 
the  peeudosphere  in  such  a  way  that  the  lines  of  flow  and  the  equipoten- 
tial lines  are  the  geodesies  of  a  system  and  their  ortliogonal  geodesic  cir- 
cles. 

Another  straight  line  representation  of  the  geodesic  Hues  of  the  sur- 
face S. 

110—18192] 
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If  we  project  stereographically  upon  the  sphere 
^^M-  '/'   I-  (C  — 1/2)»=1  4 
whose  south  pole  is  the  point  (0,  0,  0)  and  whose  north  pole  is  the  point 
(0,  0,  1),  the  circles  given  by  the  transformation  v  =  x,  Ce— "  c:=:y  we  shall 
have  the  upper  part  of  the  xy — plane  represented  conformally  upon  the 
hemisphere  Lbd  —  G.    The  x — axis  goes  into  the  great  circle  Lbd  and  the 


i 


Fig.  1. 

cindes  at  right  angles  to  o—x  go  into  circles  at  right  angles  to  Lbd. 

If  now  we  project  orthogonally  upon  the  plane  Lbd  we  shall  liave  the 
representation  in  question  as  chords  of  Lbd.  Since  ^'  n  -T  are  the  co-ordin- 
ates of  the  sphere  we  get  as  the  equations  of  transformation  from  the  plane 
to  the  sphere, 

X:=:  (   ,^   )    (1   -:   ) 
y  r=  (   7/  )    (1    _:   ) 

This  gives  for  t)ie  circle 
the  plane 


•^  oc  ^  — 0 


(1 


^■' 


C2  X  =)  :    -2  ^5    '.    ;^'  -  O*  ac  -   ^0 


which  is  iudepeiirleut  of  /, .    It  tlierefore  represents  the  trace  of  the  plane 
on  the  i)lane  //   -  0  and  hence  the  recjuired  straight  line  in  the  i^  C  —plane. 


147 


The  equations  of  transformation  from  the  plane  xy  to  the  plane  ^  r  —plane 

are, 

x=(^)  (1  -:  ) 

j  =  {ic  (I  _:))_  (  ^-^)  (1-;  )2)^  2 

and  the  equations  of  transformation  from  the  pseudosphere  to  tliis  plane 
are, 

v2  -}-  c'e-^"  c  =:^  (  :  )^i  _  : ) 
v=  (  f )  (1  —  :  ) 

Discussion  of  the  Transfokmation. 
The  entire  upper  part  of  the  xy— plane  is  represented  inside  the  circle 

The  circles  x^  4-  y  2  —  2,?x  ^    V^  —  O^  x  =  =  0  become  the  straight  lines 
(X  2  — ,:{'x  2  -I- CM  s'  — 2  ix.  25  i   .V^oc  '  -  C»  — 0 
The  straight  lines  y  =  k  go  into  a  sheaf  of  conies, 

(k»  -\-  D:*  —  (2k2  -I-  1):  -L  ^3  -}-  k2  _.  0  through  the  point 
(0,  1).  And  since  — (k*  ?  1)  is  always  negative  the  conies  are  all  ellip- 
ses. The  real  part  of  the  pseudosphere  is  therefore  represented  in  the  area 
included  between  the  ellipses  corresponding  to  the  lines  y  =-  C  and  y  =  C/e. 

All  the  ellipses  are  tangent  to  the  cir- 
cle at  the  point  (0,  1)  and  have  their  foci 
on  the  C — axis.  The  circles  concentric  at 
the  origin  become  the  lines  C  --  constant, 
chords  parallel  to  the  5— axis.  The  system 
of  circles  with  centers  on  o— x  and  pass- 
ing through  the  point  a,b  goes  over  into 
the  system  of  straight  lines  tlirough  the 
point 


^=  (a)  (a^  -f  b=   i    1) 


=  (a 


b2)  (a 


1) 


Q  '    Two   such  systems   properly  related   and 

Fig.  2.  having  the  point  (a,b)  on  the  same  line 

y  =  b  go  over  into  the  two  projectively  related  sheaves  of  lines  whose  cor- 
re8X>onding  rays  intersect  on  the  conic  corresponding  to  y  =  b.  In  par- 
ticular, in  case  the  points  (a,b)  are  on  the  x — axis  the  conic  becomes  the 
circle  o — b  and  the  corresponding  rays  are  at  riglit  angles.  Circles  with 
the  centers  on  the  x — axis  and  of  equal  radii  go  over  into  the  straight  lines 
enveloping  an  ellipse.  The  line  x  =  0  goes  into  <  =  0  the  points  being 
moved  along  the  line.     The  origin  is  the  fixed  point  of  transformation. 
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AsYMPTOTio  Lines  on  S. 

Tlie  asymptotic  lines  on  the  surface  are  defined  by  the  equation 

D  dn^  -f  .2D^dn.dv  -h  D'"dv»  ==  0         (See  Note  1)     (12) 

This  becomes  for  the  surface  S, 

O  -t-  (C  —  e-"  c)  V  '  =  e»  ce(+v  \  fi)  (13) 

and  by  (8)  becomes  in  the  x — y  plane 

y  =  — (y'"l)»/^  -h  e(+x  +  ,,?)  (14) 

LoxoDROMio  Lines  on  S. 

The  differential  equation  of  the  loxodromio  lines  of  a  surface  are 
g^Ten  *by 

((E)VV(G)^  M  .  (du/dv)=tanx  (16) 

Where  oc  is  the  constant  angle  which  the  curree  make  with  the  cnryes 
y  ==  constant.    For  S  (15)  becomes, 

(Cdu  u^)  =  -h  tan  a  .dv. 

Hence  tan  a.uv-}-k,u  +  O  =  0 

This  by  the  relation  u  ==  e"^  <■  becomes, 

tan  X  .e"  c  v  -f-  k  ,e"  c  -f.  c  —  0  (17) 

which  by  (8)  gives, 

y  =  —  tan  oc  .X  —  k,  (18) 

This  is  a  system  of  straight  lines  parallel  to  the  line 
y  =  —  tan  a  .x 

and  so  a  system  of  lines  making  a  constant  angle  with  the  lines  z  =  con- 
stant. And  this  is  as  it  should  be  since  the  geodesic  lines  v  =  constant  go 
over  into  the  lines  x  =  constant  by  tlie  same  transformation. 

By  selecting  lines  from  different  systems  of  loxodromic  lines  we  may 
envelop  any  geodesic  except  the  meridians.  Tiiis  may.be  seen  by  changing 
(17)  to  the  form, 

X  sin  oc    |-  y  cos  x  -f  k ,  cos  x.  —  i) 

Where  if  k ,  and  coh  x  change  so  that  k ,  cos  x  =  constant  we  get  a  sys- 
tem of  lines  enveloping  a  circle  with  the  centers  at  the  origin.  This  oor* 
responds  to  the  loxodromic  lines  on  the  surface  enveloping  a  geodetic. 

♦Hittiichi,  p.  109. 
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CHAPTER  II. 

Lines  on  the  Syntractrix  of  Revolution. 

Taking  the  equation  of  the  syntractrix  in  the  form, 

x=  (d^  — y»)»^  -f-  Ocosh-'  (d  y)  (19) 

the  fforface  S  is  giyen  by, 


} 


z  =  u  cos  y 

y  =  n  sin  v  } (20) 

z  =  —  (d*  —  n*)  \  *  +  O  cosh-*  (d  u) 

or  we  may  transform  the  equation  of  the  tractrix  by 

x  =  x,-f  ((d-C)  d)(d2-yJ)V  '  i ^^^^ 

Giving  as  the  relation  between  the  surfaces  S  and  S,, 

u  =  (c  d)u, 

v  =  v, 
In  tliia  work  O  represents  the  length  of  the  tangents  to  the  tractrix  and 
d  the  constant  distance  taken  on  these  tangents  to  get  the  syntractrix. 
Henoe  d  =  constant. C 

We  get  for  the  fundamental  qualities: 
E,  =  (u2  — Od)V(u»(d'  — u»))  +  1,  F,  =  0,  G.^u^  and 
D,  —  (uHd'  — 20d)  +Cd»)  (u(d»  — u»)»  ^) 

D'j  =  0,D^^  =  (u(u2  — Cd))  (d'  — u^)*   2  (22) 

K,  =  ((u»  —  od)(u^d2  — 20d)-|-  Cd'))  ((d' —  u2)(u2(d2  2cd)  +  C-'d^) 
(Above  equation  is  number  23  and  is  the  equation  of  the  Gaussian  cur- 
vature. ) 

When  C  =  d  ,  (23)  becomes  —1  or  the  curvature  of  the  pseudosphere. 
WhenC  =  d  2,Ki  becomes  (2u2  —  d')  (d^  — u') 


•> 


Since  for  the  surface  d  =  u  the  denominator  is  always  positive  and  the 
numerator  is  positive  or  negative  according  as 

2u»  —  d»      0 

Tliat  is,  according  as  u    (d/(2)V  2)  and  u    —(d)  ((2)'   ^)  or  — (d  ((2;',  =) 
u  <r  d/((2)'  »)  .  For  u  =  ^    d  ((2) '   -)  ,  K,  =  0.     This  means  that  for 

the  particular  surface  S  i  defined  by  d  =  2C  the  Gaussian  curvature  is  zero 
for  the  circles  u  =  constant,  given  by  taking  the  distance  d  on  the  tangent 
whose  inclination  to  the  z — axis  is  -  4  or  (Srr)  4.  Tangents  to  the  tractrix 
whose  inclination  to  the  z  axis  is  sometliing  between  ^  4  and  \'6Tr)A  give 
the  carves  u  =  constant  along  which  the  surface  have  a  negative  curvature. 
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When  O  d/2  we  have  from  (2S)  K,  positive,  negative  or  zero  aoooidiiig 

> 

as  (u2  —  cd)  r=  0.      But  O  <d  2  gives  Od    d»  2,  so  that  n'(Od  <  dV2ii 

the  condition  for  the  positive  curvature.  The  curvature  is  SEero  or  negative 
when  u '  =  cd     d  *  2  (u  ^id '  —  20d)  -f-  Od '  =  0  giving  the  imaginary  values 

for  u).  This  shows  that  the  tangent  line  to  the  tractrix  whioh  gives  the 
parabolic  circle  has  a  different  slope  than  in  the  case  where  d  =  90,  ainoe 
in  this  case  u/d<:(2)»»/2,  i.  e.  sin  0       (2)'^  2. 

When  d  ;  20  we  might  consider  three  cases  viz.,  O  d  20  «  O  =  d 
or  O  d.  It  will  only  be  noted  here  that  when  O  =  d  the  surfaou  S^  is  the 
same  as  the  surface  S  and  K^  is  therefore  —1. 

In  any  case  u'^—  Od  =0  gives  the  valves  of  u  for  which  the  tangent 

line  to  the  curve  0  is  parallel  to  the  u — axis. 

Geodesic  Lines  on  S^ 

Using  tlie  method  of  the  calculus  of  variations  as  outlined  in  Ohapter  I 
we  get  for  the  geodesic  lines  on  the  syntractriz  of  leTolution, 

Pv'  —  (u'dv)  (E,du»  +  G,dv>)  »^  =  r 
Here  two  cases  may  be  considered  according  as 

r  =  0  or  r  =h  0 

(1)  When  r  =  0  ,  tlien  either  u  =  0  or  dv  =  0  .     But  n  dr  0  ,  hence  dv  =  0 

and  therefore  v  -  constant.    That  is  the  meridians  are  geodesic  lines, 

(2)  When  r  l  0  we  liave 

dv  ■=  ((T  u2)(u2(d^  — 2Cd)  +  C=d2)'   =  ((d^  — u>)(r>  —  u«)V  »)dv 

( The  above  equation  is  number  24. ) 
To  reduce  this  expression  on  the  right  liand  side  to  a  convenient  form  sab- 
stitute, 

u»(d'  — 20d)  -h  0^2  =  (G'dH^)  (t^  —  1)  (26) 

This  may  be  written  u^k  +  k,  r=  (k^t^)  (t=  —  1)  for  convenience  then, 
dv—  (— k»  ^  t^  dt)  ((kr*  -f  k,)'  ^  .  (kd=  -f  k,)»^  ((at*— 1)  . 

(bt^  — l))i  2)  (26) 

Where  a.=  (kd^)  (kd^   k,)  and  b  =  (kr*)  (kr^  -f  k,) 

When  r   -0  we  may  consider  two  cases 
When  r  — :  d  and  r    _  d 

When  T  =  d  equation  (26)  becomes, 

dv— (— k^  2d,dt)  (k(i2  +  k,(at'  — D)  (S7) 
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80  that 

▼  =  (— k'  'd(  (a(kd»  +  k,))(t-f  1  2(a)^  Hog((a)^  H— 1)  ((a)V/*t+l) +  <J 

(28) 

Eliminating  ^^t^^  between  (25)  and  (28)  we  have  the  the  geodesic  lines  for 
r  :=  d  given  by 

—  (u»k  -f  k,)V5        (kd»-f  k,)'   2     d(u'k-fk,)'   2_n(kd2_|_k^   .   2  _^  ,^ 

y   — log 

n.d  2d2  d(u^k-fk,)^  '-hu(kd2+k,)V  3 

(The  above  equation  is  equation  29. ) 

When  r  ^  d  (26)  gives  rise  to  an  elliptic  integral  for  the  reduction  of 
which  we  recall  from  the  general  theory  of  elliptic  integrals.     (See  Note  1. ) 

R(x)  =  Ax*  +  4Bx»  -h  6Cx2  +  4B'x  +  A^ 

g,  =  AA'  — 4BB^  +  80=» 

R3  =  ACA'  +  2B0B^  —  A^B^  AB'  —  C^ 

In  this  case  we  liave, 

R(t)  =  abt*  —  (a+]>)t2  -f-  1 

g,  =  ab  +  (a-hb)^  12 

g3  =  (— ab(a-f  b))  6  -f  (a-fb)''  216 
We  also  have 

R'(t)  =4abt»-  2a  +  b  t 

R^^(t)  =  12abt»  —  2(a+b) 
SnbBtitnting  in  (26) 

t  =  f  -f  (1  4R"(0V(pn  —  1  24R"^(0)     (See  Note  2) (30) 

Wliere  f  is  one  of  the  roots  of  R(t)  —  0.      In  this  case  take  ^  ^=  1  (a)  V  ^ 
then,  R'(l  (a)^   »)  =  (2(b— a)),  (a)';  ^ 

R^'  (I  (a)^^)  =  2(  b  —  a) 

So  that  (30)  may  be  written, 

-    t  =  r(a)»/2  -f-  ((b-a),(2(a)"2))  (pu-  pv) 

when  pv  =  (1/ 12) (6b  —  a)  and  therefore 

abt»  =  b  +  (b(b— a))/{pu  — pvj  +  (1  4)((b^b-a) -)  (pn  —  pv) ' 

Recalling  now  that, 

(p'v)*  =  4p»v  -  g,pv  — g3  (31) 

p^^v    :=6pv  —  1  2g2  (32) 

and  also, 

(p'y)»/(pu  —  pv)>  +  (pu— p">)  (pv)  - 

p(u  -h  V)  4-  p(u—  y)   -   2pv         (33) 

Note  l.—Kleiii,  Modular,  Functioneii.  Vol.  I.  p.  15. 
NoTK  2.— Eimeper.  Elliptisohe  Fmirtionen,  p.  80. 
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We  get  in  the  present  case, 

(p^v)^  =  ((b(b-a)n  4 

j)'W  =  b(b— a) 

Equation  (26)  may  be  written, 

v=  ((-kV'r  )/((ab(kr2+k,)V^)(kd^-fk,  •,  =)  . 

J'(b  =  p(u-f  V)  -h  p(n  +  V)  +  2pv)bn  +c? 
and  BO 

v  =  K((l/6)(b— a)n+  «'<^)(u -f  v)  -\-  K.rT)(u  +  v))  +  ^^        (34) 

where  K  =  (  -(k)»/*)/(d(ab)  V^) 

The  geodesic  lines  on  S  are  then  given  by  means  of  t, 
u=k  +  k,  =  (k,t*)  (t2  —  1) 

where  «/»(t)  is  given  in  (34)  and  n  =  p-H(b— a)  (2(a)»  H  —  2)  +  pv) 

v  =  p-»((6  12)b—  (a/12;) 

If  (24)  be  put  in  the  form 
(dn  dv)  =  (nVr)  ({d-  —u^){t^  —  u')) '/ ^  (u2(d2  —  2Cd)  -\-  C^d')*/' 
it  is  seen  at  once  tliat  the  equation  is  satisfied  by  the  values  u  ==  constant. 
But  from  the  geometric  consideration  it  is  evident  that,  in  general,  the 
circles  u  =  constant  are  not  geodesic  lines  since  the  normals  to  a  geodesic 
line  must  also  be  normal  to  the  surface.  And  from  figures  V  and  VI  it  is 
seen  at  once  that  this  is  only  true  for  the  circle  u  =  d  ,  where  d  -  O  ,  and 
for  the  trivial  case  u  =  0  no  matter  what  the  value  of  d. 

The  geodesic  lines  on  the  surfaces  S  ^  may  be  studied  if  tlie  surfaces 
are  divided  into  classes  according  as  d  =  20  . 

In  the  case  d  --  2G  the  general  iutegral  (26)  takes  the  form, 

V  =  J((d2r)/(2u))  ((du)/((d^  — u2)(r2  — u»)) 
whicli  when  u  =  1/t  may  be  written  as 

V  =  _  (— d*r)/2  C(t^dt)/i(dH^  —  IHtH^  ~  1) 

Here  R(t)  =  d'r^  t*  —  (d^  -f-  r'jt^  -f  1.     It  is  evident  that  this  is  exactly 
the  same  as  the  R(t)  of  the  general  case  if  we  replace  d'  by  a  and  r^  bj  b. 
Taking  noto  of  this  we  may  write  the  geodesic  lines  in  terms  of  t 
u  =  It 

V  (— 1    2r)   (16  (r-— d-)u  -f    {rr'.n  (u-fv)   -f   (rr'  ry)(u-V))  +  t\ 

where  u  -  p-'((r-— d=)A2dt— !>)  -\-  pvjaud  v  -f  p-'(6  2-d»)/(12).     In  this 
case  tlie  geodesies  are  real  for  all  values  of  r. 
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In  particolar  when  d  »  2G  and  r  »  d  (29 )  becomes 


V  =  -f  (d/2u)  -f  (1/4)  log  (d— ii)/(d+u)  -f  A 
For  the  purpose  of  illnstration  let  d  =  1  then  (85)  becomes 

V  =  ^  (d/2n)    V  (1/4)  log  (l^u)/(l-f  u)  —  <^ 

And  since  r^  is  an  added  constant  we  may  without  loss  of  generality  let 
ri  -I-  0. 

This  particular  geodesic  line  has  been  drawn  in  figure  3.  It  is  to  be 
noted  that  the  line  winds  around  the  surface  as  it  approaches  smaller 
values,  and  then  again  winds  around  approaching  the  circle  u  =  1.  The 
lines  r  »  d  =-  1  are  all  similar  to  this  one  and  may  be  obtained  by  giving 
different  values  to  «^  . 

When  d,  -2C  ,  k  =-  (d^  —  20d)  is  positive  and  ab  is  positive  and  since 
k|  »  C'd'  is  always  positive  and  we  liave  K  always  real  so  that  the  geo- 
desic lines  on  the  surface  S,  defined  by  d      20  are  all  real. 

When  d  <  20  ,  k  =»  (d*  —  20d)  is  negative  and  ab  is  positive  or  nega- 


tive according  as  r'  '    k^/k 


or 


OM»)/(d'  —  20d 


So   that  on  the 


surface  S  j  defined  by  d<"  20 ,  K  will  be  real  or  imaginary  according  as 
r';>(k,/k)  .  Hence  the  geodesic  lines  on  such  surfaces  become  imaginary 

■Si 

lines  when  t*>  |  k,/k  |  ,  that  is  when  r>  |  k,A  I  V^andr    -  |  k,/k  |  7^ 

Asymptotic  Lines  on  S,. 

From  the  general  equation  of  the  asymptotic  lines  on  a  surface  we  get 
for  tlie  asymptotic  lines  on  S  „ 

(u2(d2  — 2Cd)  -h  Cd»)VV(u((Od  — u')(d2  — u2)V2))  du  =   +  dv 

(The  above  equation  is  number  87). 

The  substitution  of  u»(d*  -}-  2Cd)       Od=»  -  \/V  reduces  (37)  to  the  form, 

(— kdt)  ((1— k,t^)((at2—  l)(bt2—  1))»   2  — -f- dv. 
Where  k  =  d»  — 20d,  k.  =rOd»,  a  ^  Cdk  +  k,,  b^d^k-f  k,. 
In  the  particular  case  whi^n  d=  20  (87)  becomes 

((d»)  (u((d»— 2u2)(d2  — u2))»   2))  .  da  —  -I-  dv 
Which  when  u  =  1  t  reduces  to 

(— d^t  .  dt);((dH2  — 2)(d2t2—  l))«   2  _  -h  dv         (39) 

Here  R(t)  =  dH*  —  Sd't^  -\-  2 

R'(t)  =4dn3  — «d-t 
R^^t)  =  12d«t2  — Bd- 
g.^dl  4)d* 
g,=v(9/8)d« 
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To  reduce  (J59)  substitute 

t   .-(a  t-(I  4R'(a))  (pu— (1  24)R''(a))  (-10) 

Where  a  is  a  root  of  K(t).  In  this  case  take  a  =  1  d.  Then  eqoatiou  (40) 
may  be  writteu, 

t  —  (d  d)    I-  ((— d  2)  (pu  —  pv))  (41) 

where  pv  ^  d  *  * 

Since  (p'v)' —  4p^v  —  gjpv  —  g,  —  (2) '  *)  2)d' and  (— p^'v)  pn  —  pv) 
—  {(7\  fT)(n  -i-  V)  —  (n^  T)(u  —  V)  —  2{(r'  n)  (v)  (Note  1)  we  have,  remem- 
bering the  relation  (dt  du)  —  (R(t))'   ^  -\-  \  =  (— 1/((2)»,  »)    0(2)'  M  -|- 

— (u  +  v)ia'  n){n  —  V)— 2(^'  ^)v)du  -f-  «r  .|-  y  -  (— (d— (2)'   '(^/ff)(v»)a) 

n 
— -  ((2)1    *)  2  log  (f^(\l  —  v)   \n(u  -f  V)    f  >y 

( Tlie  above  is  equation  42. ) 

Note:    Schwarz.  Furmeln  der  elliptscheu  Fuuctioueu.  p.  18. 
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The  aiymptotic  lines  in  this  case  are  then  giyen  by  the  equations, 
u  =  l/t 
▼  =  i'(t)  -f  y 
where  i'(t)  is  given  in  (42)  &  u=:p    »((3d*  — td')  (4  — 4td))v— p    '(d^^) 


LoxoDROMic  Lines  on  S^ 

The    general    equations    for    the    loxodromic    lines    on    a    surface 
((B)V*  (G)V  »),dn=:-f  tan  a  dv  becomes  in  the  case  of  S^  ((u'cd^— 2Cd) 
-f  OM^)V')/(ii'(d'— uMV  *)  )du=:  -f  tan  a-  dv  which  by  the  substitu- 
tion n'(d'  — 20d)  +  CM'  =  (CMH^)  (t^—  1)  reduces  to  the  form, 
((20  — d)(t'dt))/Ut'—  l)((d^—  2Cd)t2—  (d  —  C)  2)^^  —  +  tanoc  dv. 

(The  above  equation  is  number  43. )    This  may  be  put  in  the  form, 
1(20  — d)/(k,)S»)-  ((t»Ct)  ((kH*)  —  (k»  +  l)t»  +  l)^  ^  .:3_|.tanoc.  dv. 

(The  above  is  equation  44. ) 
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Where  k,  —  (d— O)^  and  k^  =  (d'  —  2(M)  (d— O)^ 

Here, 

R(t    r=kH*  —  (k^  4-  l)t*  +  1 

R'(t)  =  4k2t«  — 2(k2  +  l)t 

R'"(t)  --  12k=t-  — 2(k2  -h  1) 

g,  =  (l  12)(1  4-  14k^  +  k^) 

g,  =  ((1  +  k2,  (216))(1— 34  k*  +  k*) 

(44)  may  be  reduced  by  the  substitutiou, 

t  =  1  4-  ((k^— 1)  2){pu  —  pv)  (45) 

Where  pv  =  ( 1  12  n  6k  *— I ) 

ThenkH2  =  k2  4-  (k^k2  — M  (pu  —  pv)  +  {(k*  4)(k*  — 1)»)  (pu  — pv.» 
aud  since  dt  da  —  (R.t))'  ^  wo  get  by  nsing  (31).  (82)  and  (88)  -f  tan 
oc-  V—  (20— d)  (  ikj  •   2  (k'))  (  (16)  (k^  4-  l)u  4-  (rK  A)  (u  4- v)  4-  (fir  A) 

(U— V)  I  4-  (V'  (46) 

We  haye  then  the  loxodromic  lines  on  the  surface  S ,  given  in  terms  of  t 
by  the  e<iuation8, 

u2(d  =  — 2Cd)  4-  0M2z=  (O^dH^^).  (t^  — 1) 

V  =  ^(t)  4-  '''' 
where  v>(t)  is  given  in  (46)  and  u  ^=  p    |(  (2  (k*  —  1)  (t  —  l))4-pv)v=  p- * 
((5k2— 1)  (12)) 

Since  k  2  —  (d  —  c)'i8  always  positive  it  is  to  be  noted  that  ^(t)   is 
always  real. 

In  particular  when  d  =^  20  the  equation,  the  general  equation  for  the 
loxodromic  lines  reduces  to, 

((d2  2)  (u2(d2  — u2)'   2^  du  =  4-  tana-  dv  (47) 

and  therefore 

(— id2  — u=)'   V2u)  —  4-  tauQc.  V  4-  rK'  (47a) 

and  tliese  by  the  substitution  ( ( d  =  —  u  - ) '  ^  2u  1  =  y,  v  =  x  are  given  in  the 
x-y  plane  by  the  straight  lines, 

y  --  4-  tan  ax  4^  ^''  ....   (48) 

But  tliis  is  the  system  of  lines  into  which  the  loxodromic  lines  of  the 
pseudosphere  may  bo  transformed.  Hence  the  loxodromic  lines  on  S  and 
S,  iwhen  d  -=  20)  may  be  represented  by  the  same  set  of  straight  lines  in 
the  ])lane. 

Suppose  d  —  20   -  1  aud  f^'^  ^  0  and  the  tana  =  1.     Then  47.  becomes 

(  — (d^  —  u^)'    -I  (2u)  —    f  V. 
This  gives  a  line  on  the  surface  from  the  point  u^,  v,)  =^  (1,  0)  Tnnking  an 
angle  of  45°  with  the  lines  v  ::=  constant.     The  line  winds  about  the  sorfaoe 
as  shown  in  figure  IV. 


The  sarf aoes  S  i  might  have  been  classified  according  as  d  =  (3.    The 

advantages  of  sach  a  classification  are  not  apparent  in  tlie  analytical  work 
and  can  only  be  seen  from  the  geometry  of  the  surface  or  the  generating 
cnr\-e.  In  the  work  as  presented  tlie  psendosphere  conies  in  as  a  8]>ecial 
case  of  the  surfaces  S,  when  d  20,  while  if  the  classification  had  been 
made  as  above  indicated  the  pseudosphere  d  ^  C  would  bo  the  dividing 
surface  in  the  classification.  On  the  whole  I  think  the  classification 
adopted  is  to  be  preferred.  See  figures  V  &  VI  for  the  different  types  of 
generating  curves  d  O,  d=0  and  d  0.  The  cut  for  d  O  is  not  given, 
bnt  a  general  idea  of  tlie  curve  may  be  obtained  by  leaving  off  the  loop  in 
fl^are  V. 
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AN  ACT  TO  PROVIDE  FOR  THE  PUBLICATION  OF  THE  REPORTS 
AND  PAPERS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE. 

[Approved  March  11,  1895.] 

Whereas,  The  Indiana  Academy  of  Science,  a  chartered 
scientific  association,  has  embodied  in  its  constitution  a  '**™  *' 
provision  that  it  will,  upon  the  request  of  the  Governor,  or  of  the  several 
departments  of  the  State  government,  through  the  Governor,  and  through 
its  council  as  an  advisory  body,  assist  in  the  direction  and  execution  of 
any  investigation  within  Its  province,  without  pecuniary  gain  to  the  Acad- 
emy, provided  only  that  the  necessary  expenses  of  such  investigaticm  are 
borne  by  tlie  State;   and. 

Whereas,  The  reports  of  the  meetings  of  said  Academy,  with  the  sev- 
eral papers  read  before  it,  have  very  great  educational,  industrial  and  eco- 
nomic value,  and  should  be  preserved  In  permanent  form ;  and 

Whereas,  The  Constitution  of  the  State  makes  it  the  duty  of  the  Gen- 
eral Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific  and 
agricultural  improvement;   therefore. 

Section  1.    Be  it  enacted  by  the  General  Assembly  of    Publication  of 
the  State  of  Indiana,  That  hereafter  the  annual  reports  of    theReporttof 
the  meetings  of  the  Indiana  Academy  of  Science,  beginning     A^^emy'of 
with  the  report  for  the  year  1894,  including  all  papers  of    Science, 
scientific  or  economic  value,  presented  at  such  meetings,  after  they  shall 
have  l)een  edited  and  prepared  for  publication  as  hereinafter  provided,  shall 
be  published  by  and  under  the  direction  of  the  Commissioners  of  Public 
Printing  and  Binding. 

Sec.  2.     Said  reports  shall  be  edited  and  prepared  for 

publication  without  expense  to  the  State,  by  a  corps  of    _ 

Editing 

editors  to  be  selected  and  appointed  by  the  Indiana  Academy    Reports. 

of  Science,  who  shall  not,  by  reason  of  such  services,  have 

any  claim  against  the  State  for  compensation.    The  form,  style  of  binding, 

paper,  typography  and  manner  and  extent  of  Illustration  ^^    m      he     f 

such  reports  shall  be  determined  by  the  editors,  subject  to    printed 

the  approval  of  the  Commissioners  of  Public  Printing  and    *^i^'**- 

Stationery.    Not  less  than  1,500  nor  more  than  3,000  copies  of  each  of  said 


reports  shall  be  published,  the  size  of  the  editiou  withiu  said  limits  to  be 
determined  by  the  concurrent  action  of  the  editors  and  the  Commissioners 
of  Public  Printing  and  Stationery:     Provided y  That  not  to  exceed   six 

hundred  dollars  ($600)  shall  be  expended  for  auch  publica- 

Proviso. 

tion  in  any  one  year,  and  not  to  extend  beyond  1896 :  Pro- 
vided, That  no  sums  shall  be  deemed  to  be  appropriated  for  the  year  1894. 

Sec.  3.    All  except  tliree  hundred  copies  of  each  volume 
ff  STd^^  of  said  reports  shall  be  placed  in  the  custody  of  the  State 

Librarian,  who  shall  furnish  one  copy  thereof  to  each  pub- 
lic library  in  the  State,  one  copy  to  each  university,  college  or  normal 
school  in  the  State,  one  copy  to  each  high  school  in  the  State  having  a 
library,  which  shall  make  application  therefor,  and  one  copy  to  such  other 
institutions,  societies  or  persons  as  may  be  designated  by  the  Academy 
through  its  editors  or  its  council.  The  remaining  three  hundred  copies 
shall  be  turned  over  to  the  Academy  to  be  disposed  of  as  it  may  determine. 
In  order  to  provide  for  the  preservation  of  the  same  it  shall  be  the  duty 
of  the  Custodian  of  the  State  House  to  provide  and  place  at  the  disposal 
of  the  Academy  one  of  the  unoccupied  rooms  of  the  State  House,  to  be 
designated  as  the  office  of  the  Indiana  Academy  of  Science,  wherein  said 
copies  of  said  reports  belonging  to  the  Academy,  together  with  the  original 
manuscripts,  drawings,  etc..  thereof  can  be  safely  kept,  and  he  shall  also 
equip  the  same  with  the  necessary  shelving  and  furniture. 

Sec.  4.    An  emergency  is  hereby  declared  to  exist  for 
mergeney.  ^j^^  immediate  taking  elTect  of  this  act,  and  it  shall  there- 

fore take  effect  and  be  in  force  from  and  after  its  passage. 
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AN   ACT   FOR   THE   PROTECTION   OF   BIRDS,   THEIR   NESTS   AND 

EGGS. 

Section  602.     It  shall  be  unlawful  for  any  person  to 

Birds 
kill,  trap  or  possess  any  wild  bird,  or  to  purchase  or  oCPer 

the  same  for  sale,  or  to  destroy  the  nests  or  the  eggs  of  any  wild  bird  ex- 
cept as  otherwise  provided  in  this  section.  But  this  section  shall  not  apply 
to  the  following  named  game  birds :  The  Anatidae,  conunonly  called  swans, 
geese,  brant,  river  and  sea  duck;  the  Rallidie,  commonly  known  as  rails, 
coots,  mudhens,  and  gallinules;  the  Limicolae,  commonly  known  as  shore 
birds,  plovers,  surf  birds,  snipe,  woodcock,  sandpipers,  tatlers  and  curlews ; 
nor  to  English  or  Euroi)ean  house  sparrows,  crows,  hawks,  or  other  birds 
of  prey.  Nor  shall  this  section  apply  to  any  person  taking  birds  or  their 
nests  or  eggs  for  scientific  purposes  under  permit,  as  provided  in  the  next 
section.  Any  person  violating  the  provisions  of  this  section  shall,  upon  con- 
viction, be  fined  not  less  than  ten  dollars  nor  more  than  fifty  dollars. 

Sec.  603.  Permits  may  be  granted  by  the  Commissioner  of  Fisheries 
and  Game  to  any  properly  accredited  person,  permitting  the  holder  thereof 
to  collect  birds,  their  nests  or  eggs  for  strictly  scientific  purposes.  In 
order  to  obtain  such  permit  the  applicant  for  the  same  must  present  to 
said  Commissioner  written  testimonials  from  two  well-known  scientific 
men  certifying  to  the  good  character  and  fitness  of  said  applicant  to  be 
entrusted  with  such  privilege,  and  pay  to  said  Board  one  dollar  therefor, 
and  file  with  him  a  properly  executed  bond  in  the  sum  of  two  hundred 
dollars,  payable  to  the  State  of  Indiana,  conditioned  that  he  will  obey  the 
terms  of  such  permit,  and  signed  by  at  least  two  responsible  citizens  of 
the  State  as  sureties.  The  bond  may  be  forfeited  and  the  permit  revoked 
u[K)u  i)roof  to  the  satisfaction  of  such  Commissioner  that  the  holder  of 
such  permit  has  killed  any  bird  or  taken  the  nests  or  eggs  of  any  bird  for 
any  other  iniriwse  than  that  named  In  this  section. 
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COXSTITCTIOy. 


AHTICf-E  L 


hirjitoyi   1.     TljiM  sm¥4fi'\sitUHi  shall  t^e  (called  tbe  ludiaim  Academy  of 

Hkj  2.  TUt'  fAtj*H'tH  of  thl»  Amd^'Uiy  sh-ill  lie  scienufio  research  and 
tlM*  <Ji(riJ><loii  iff  kiiowldlt:^  '-oiK-fmii)}?  the  Tarioos  deimrtments  of  science, 
to  ifrtmupit*  luttTf-inirt-^'  liHwwn  iiw-ii  engaged  in  scientific  work«  especially 
111  liKlifiiia ;  fo  axMlKt  by  iuvefftigation  and  dL<cassion  in  develo[>ing  and 
iiifikhiK  known  tin*  inat<*rl}il.  ecJui'sitional  and  other  resoaroes  and  riches 
of  th<*  Hfati»;  to  arrange**  and  ixrepare  for  publication  snch  reports  of  Inres- 
tlfcaUon  and  diH^MiMKioiiK  an  may  further  the  aiins  and  objects  of  the  Acad- 
I'liiy  an  M»t  fortli  in  tb<»w»  articles. 

WUiTtmn,  Til*'  Htate  liaM  undertaken  the  publication  of  such  iMroceed- 
iiiKM,  the  Af'adciny  will,  itjkmi  request  of  the  Governor,  or  of  one  of  the  sev- 
eral dqairtniMitH  of  the  State,  through  the  Governor,  act  through  its  coun- 
cil jiH  an  advlHory  luMly  in  the  direction  and  execution  of  any  investigation 
witliln  llM  jirovliKi*  an  Ktat«H].  Tiie  ncH-essary  expenses  incurred  in  the  prose- 
cution of  Much  InvcMtlgation  are  to  be  borne  by  the  State;  no  ijecuniary 
KM  In  Im  in  conic  to  the  Academy  for  its  advice  or  direction  of  such  inves- 
tlKiitioii. 

'I'hc  regular  procc«KllngH  of  the  Academy  as  published  by  the  State 
hIhiH  bc<*<»nic  a  public  document. 

ARTICLE  II. 

Skc HON  1.  McmlM'rs  of  this  Academy  shall  be  honorary  fellows,  fel- 
lows, non-resident    members  or  active  members. 

Skc  H.  Any  jH^rson  engagtMl  in  any  department  of  scientific  woric,  or 
in  «»rlglnal  n^search  In  any  department  of  science,  shall  be  eligible  to  active 
membersliliK  .\ctlve  members  nmy  l)e  annual  or  life  members.  Annual 
members  may  U*  eliHt^Hl  at  any  meeting  of  the  Academy;  they  shall  sign 
the  constitution,  (my  an  admission  ft^  of  two  dollars,  and  thereafter  an 
annual  fee  of  one  dollar.     Any  iM'rson  who  shall  at  one  time  contribiite 
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fifty  dollars  to  the  funds  of  this  Academy  may  be  electeil  a  life  member  of 
the  Academy,  free  of  assessment.  Non-resident  members  may  be  elected 
from  those  who  have  been  active  members  but  who  have  removed  from  the 
State.  In  any  case,  a  three-fourths  vote  of  the  members  present  shall  elect 
to  membership.  Applications  for  membership  in  any  of  the  foregoing 
classes  shall  be  referred  to  a  committee  on  application  for  membership,  who 
shall  consider  such  application  and  report  to  the  Academy  before  the  elec- 
tion. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  worlj,  who 
have  recognized  standing  as  scientific  men,  and  who  have  been  members 
of  the  Academy  at  least  one  year,  may  be  recommended  for  nomination  for 
election  as  fellows  by  three  fellows  or  members  personally  acquainted  with 
their  work  and  character.  Of  members  so  nominated  a  number  not  exceed- 
ing five  in  one  year  maj',  on  recommendation  of  the  Executive  Committee, 
be  elected  as  fellows.  At  the  meeting  at  which  this  is  adopted,  the  mem- 
bers of  the  Executive  Committee  for  1894  and  fifteen  others  shall  be  elected 
fellows,  and  those  now  honorary  members  shall  become  honorary  fellows. 
Honorary  fellows  may  be  elected  on  account  of  sjiecial  prominence  in 
science,  on  the  written  recommendation  of  two  members  of  the  Academy. 
In  any  case  a  three-fourths  vote  of  the  members  present  shall  elect. 

ARTICLE  III. 

Section  1.  The  oflftcers  of  this  Academy  shall  be  chosen  by  ballot  at 
the  annual  meeting,  and  shall  hold  ofllce  one  year.  They  shall  consist  of  a 
President  Vice-President,  Secretary,  Assistant  Secretary,  Press  Secretary 
and  Treasurer,  who  shall  perform  the  duties  usually  pertaining.^o  their 
respective  oflfices.  and  in  addition,  with  the  ex-Presidents  of  the  Academy, 
shall  constitute  an  Executive  Committee.  "The  President  shall,  at  each  an- 
nual meeting,  appoint  two  members  to  be  a  committee,  which  shall  prepare 
the  programs  and  have  charge  of  the  arrangements  for  all  meetings  for 
one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis  within  the  week  following  Christmas  of  each  year,  unless 
otherwise  ordered  by  the  Executive  Committee.  There  shall  also  be  a  sum- 
mer meeting  at  such  time  and  place  as  may  be  decided  upon  by  the  Execu- 
tive Committee.  Other  meetings  may  be  called  at  the  discretion  of  the  Ex- 
ecutive Committee.  The  past  Presidents,  together  with  the  officers  and 
Executive  Committee,  shall   constitute  the  council  of  the  Academy,   and 
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represent  it  In  the  transaction  of  any  necessary  business  not  especially  pi 
vided  for  in  this  constitution,  in  the  interim  between  general  meetings. 

Sec.  3.    This  constitution  may  be  altered  or  amended  at  any  annua        ^ 
meeting  by  a  three-fourths  majority  of  the  attending  members  of  at  leasi 
one  year's  standing.     No  question  of  amendment  shall  be  decided  on  the 
day  of  its  presentation. 


BY-LAWS. 


1.  Oil  motion,  any  special  department  of  science  shall  be  assigned  to^- 
a  curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  memberf^ 
Interested  in  the  same  department,  to  endeavor  to  advance  knowledge  hE 
that  particular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  reports  shall  include  a  brief  sum- 
mary of  the  progress  of  the  department  during  the  year  preceding  the  pre- 
sentation of  the  report. 

2.  The  President  shall  deliver  a  public  address  on  the  morning  of  one 
of  the  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

3.  The  Press  Secretary  shall  attend  to  the  securing  of  pro|wr  news- 
paper reix)rts  of  the  meetings  and  assist  the  Secretary. 

4.  No  si)ecial  meeting  of  the  Academy  shall  be  held  without  a  notice 
of  the  .same  having  been  sent  to  the  address  of  each  member  at  least  fifteen 
days  before  such  meeting. 

5.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed 
by  the  President  and  countersigned  by  the  Secretary. 

G.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two 
years,  having  been  annually  notified  of  their  arrear^e  by  the  Treasurer, 
shall  have  their  names  stricken  from  the  roll. 

7.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of 
business. 
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MEMBERS. 


FELLOWS. 

G.  A.  Abbott *1908 Indianapolis. 

R.  J.  Aley 1898 Bloomington. 

J.  C.  Arthur 1894. ; Lafayette. 

J.  W.  Beede 1906 Bloomington. 

George  W.  Benton 1896 Indianapolis. 

A.  J.  Bigney 1897 Moore's  HiU. 

Katherine  Golden  Bitting 1895 Lafayette. 

W.  S.  Blatchley 1893 Indianapolis. 

Donaldson  Bodine 1899 Crawfordsville. 

H.  L.  Bniner 1899 Indianapolis. 

Severance  Burrage 1898 Lafayette. 

A.  W.  Butler 1893 Indianapolis. 

W.  A.  Cogshall 1906 Bloomington. 

tMel.  T.  Cook 1902 Newark,  Del. 

tJohn  M.  Coulter 1893 Chicago,  HI. 

Stanley  Coulter 1893 Lafayette. 

IT.  O.  Cox 1908 Terre  Haute. 

Glenn  Culbertson 1899 Hanover. 

E.  R.  Cumings 1906 Bloomington. 

S.  C.  Davisson 1908 Bloomington. 

D.  W.  Dennis 1895 Richmond. 

C.  R.  Dryer 1897 Terre  Haute. 

C.  H.  Eigenmann 1893 Bloomington. 

Percy  Norton  Evans 1901 West  Lafayette. 

A.  L.  Foley 1897 Bloomington. 

M.  J.  Golden 1899 Lafayette. 

tW.  F.  M.  Goss 1893 Urbana,  111. 

Thomas  Gray 1893 Terre  Haute. 

A.  S.  Hathaway 1895 Terre  Haute. 

W.  K.  Hatt 1902 Lafayette. 

Robert  Hessler 1899 Ix)gan8port. 

*Date  of  election. 
tNon-resident. 
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tH.  A.  Huston *1893 Chicago,  III. 

Edwin  S.  Johonnatt 1904 Terre  Haute. 

Robert  E.  Lyons 1896 Bloomington. 

W.  A.  McBeth 1904 Terre  Haute. 

V.  F.  Marsters 1893 Bloomington. 

C.  L.  Mees 1894 Terre  Haute. 

tJ.  A.  Miller 1904 Swarthmore,  Pa. 

W.  J.  Moenkhaus 1901 Bloomington. 

D.  M.  Mottier. 1893 Bloomington. 

J.  P.  Naylor 1903 Greencastle. 

tW.  A.  Noyes 1893 Champaign,  111. 

Rolla  R.  Ramsey 1906 Bloomington. 

J.  H.  Ransom 1902 Lafayette. 

L.  J.  Rettger 1896 Terre  Haute. 

David  Rothrock 1906 Bloomington. 

J.  T.  Scovell 1894 Terre  Haute. 

Albert  Smith 1908 Lafayette. 

tAlex  Smith 1893 Chicago,  111. 

W.  E.  Stone 1893 Lafayette. 

fJoseph  Swain 1898 Swarthmore,  Pa. 

M.  B.  Thomas 1893 Crawiordsville. 

tC.  A.  Waldo 1893 St.  Louis,  Mo. 

tF.  M.  Webster 1894 Washington,  D.C. 

Jacob  Westlund 1904 Lafayette. 

tH.  W.  WUey 1895 Washington,  D.  C. 

W.  W.  Woollen 1908 Indianapolis. 

John  S.  Wright 1894 Indianapolis. 

*Date  of  election. 
tNon-rcRident 


NON-RESIDENT  MEMBERS. 

George  H.  Ashley Cliarleston,  S.  C. 

J.  C.  Branner Stanford  University,  Cal, 

M.  A.  Brannon Grand  Forks,  N.  D. 

D.  H.  Campbell Stanford  University,  Cal, 

A.  \\'ilmer  Duff Worcester,  Mass. 

B.  W.  Everman Washington,  D.  C. 

W.  \.  Fiskc Los  Angeles,  Cal. 
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C.  W    Garrett Pittsburg,  Pa. 

Chai  »s  11.  Gilbert Stanford  Univerbity,  Cal. 

C.  W.  Green Columbia,  Mo. 

C.  \\.  Hargitt Syracu.se,  N.  Y. 

O.  P.  Hay New  York  City. 

Edward  Hughes Stockton,  Cal. 

O.  P.  Jenkins Stanford  T'niversity,  Cal. 

D.  S.  Jordan Stanford   University,  Cal. 

J.  S.  Kingsley Tufts  College,  Mass. 

D.  T.  MacDougal Tuscon,  Arizona. 

L.  B.  McMulleu Valley  City,  N.  D. 

T.  C.  Mendenhall Worcester,  Mass. 

A.  H.  Purdue Fayetteville,  Ark. 

A.  B.  Reagan Mora.  Wash. 

Alfred  Springer Cincinnati,  Ohio. 

Robert  B.  Wartler AVashington,  D.  C. 

Ernest  Walker Clemson  College,  S.  C. 

G.  W.  Wilson Fayette,  la. 


ACTIVE  MEMBERS. 

C.  E.  Agnew Delphi. 

L.  E.  Allison West  Lafavette. 

H.  W.  Anderson Ladoga. 

H.  F.  Bain San  Francisco,  Cal. 

Walter  D.  Baker Indianapolis. 

Edwanl  Hugh  Bangs Indianapolis. 

W.  H.  Bates West  Lafayette. 

Lee.  F.  Bennett Valparaiso. 

Harry  Eldridge  Bishop Indianapolis. 

lister  Black 

William  X.  Blanchard Greencastle. 

Charles  S.  Bond Richmond. 

H.  C.  Brandon Bloomington. 

Fred  J.  Breeze Remington. 

E.  M.  Bruce Terre  Haute. 

I^wis  Clinton  Carson Detroit.  Mich. 

[2— 213(]3] 
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Herman  S.  ClianilnjrlHin Indianapolis. 

E.  J.  Chanslcr Bicknell. 

A.  G.  W.  Chilcis Kokomo. 

C.  I>.  Cliristie West  Lafayette. 

Ilo'.vard  W.  Clark Chieago.  III. 

Otto  O.  Clayton Geneva. 

H.  M.  Clem Monroeville. 

Charles  Clickener Silvcrwood,  R.  D.   No.    1 

Charles  A.  Cofifey Petersburg. 

WUliam  Clifford  Co.\ Columbus. 

J.  A.  Cragwall Crawfonlsville. 

M.  E.  Crow  ell Franklin. 

Lorenzo  E.  Daniels Laporte. 

E.  H.  Davis \\  est  Lafayette. 

Charles  C.  Deam Bluffton. 

Martha  Doan Westfield. 

J.  P.  Dolan Syracuse. 

Herman  B.  Domer I'rbana,  111. 

Hans  Duden Indianapolis. 

Arthur  E.  Dunn Logansi)ort. 

Herbert  A.  Dunn Ix)gans|)ort. 

M.  L.  Durbin Anderson. 

J.  B.  Dutcher Bloomlngton. 

A.  A.  Eberly West  I^layette. 

C.  R.  Eckler Indianapolis. 

Max  Mapes  Ellis Vincennes. 

H.  E.  Enders West  Lafayette. 

Samuel  G.  Evans Evansville. 

William  P.  Felver Ix>gansport. 

C.  J.  Fink Crawfordsville. 

M.  L.  Fisher West  Lafayette. 

A.  S.  Fraley Linden. 

Austin  Funk Jeflfersonville. 

John  D.  Gabel Madison. 

Andrew  W.  Gamble Logansport. 

H.  O.  Garman Lafayette. 

J.  B.  Gamer Crawfordsville. 

Robert  G.  Gillum Terre  Haute. 
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Vcraon  Gould Rochester. 

Frank  Cook  Greene New  Albany. 

^^'alte^  L.  Hahn Springfield,  S.  D. 

(\  F.  Harding West  Lafayette. 

^fary  T.  Harinan State  College,  Pa. 

Victor  Hendricks St.  Louis,  Mo. 

John  P.  Hetheriugton Logansport. 

C.  E.  Hiatt Bloomington. 

John  E.  Higdon Indianapolis. 

Frank  R.  Higgiiis Terre  Haute. 

S.  liella  Hilands Madison. 

John  J.  Hildebrandt Loganspoil. 

(^1.  E.  Hoffman Logansport. 

Allen  D.  Hole Richmond. 

Lucius  M.  Hubbard South  Bend. 

O.  F.  Himzicker West  Lafayette. 

John  N.  Hurty Indianapolis. 

J.  Isenberger Lebanon. 

C  F.  Jackson Durham,  N.  H. 

A.  G.  Johnson Lafayette. 

H.  E.  Johnson Greenfield. 

A.  T.  Jones West  Lafayette. 

W.  J.  Jones,  Jr West  Lafayette. 

O.  L.  Kelso Terre  Haute. 

A.  M.  Kenyon West  Lafayette. 

Frank  D.  Kern Lafayette. 

Charles  T.  Knipp Urbana,  111. 

L.  V.  Ludy West  Lafayette. 

R.  W.  McBride Indianapolis. 

Richard  C.  McClaskey Terre  Haute. 

N.  E.  Mclndoo Lyons. 

Edward  G.  Mahin West  I^fayette. 

James  E.  Manchester Vincennes. 

Wilfred  H.  Manwaring Bloomington. 

William  Edgar  Mason Borden. 

Oark  Mick Berkley,  Cal. 

A.  R.  Middleton West  Lafayette. 

Ci.  Rudolph  Miller Indianapolis. 
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F.  A.  MDler Indianapolis. 

Richard  Bishop  Moore Indianapolis. 

F.  W.  Muncie Craxvfordsville. 

Fred  Mutchler Terre  Haute. 

Charles  E.  Newlin Indianapolis. 

John  F.  Newsoni Stanford   University,  (  al 

J.  A.  Nieuwland Notre  Dame. 

D.  A.  Owen Franklin. 

RoUo  J.  Pierce Indianapolis. 

Ralph  B.  Polk Greenwood. 

James  A.  Price Ft.  Wayne. 

C.  A.  Reddick rrawfordsville. 

C.  J.  Reilly Syracuse. 

Allen  J.  Reynolds Emporia,  Kansas. 

Giles  E.  Ripley Decorah.  Iowa. 

George  L.  Rol>erts Lafayette. 

J.  Schramm Crawfordsville. 

E.  A.  Schultze Chicago,  111. 

Will  Scott Bloomington. 

Charles  Wm.  Shannon Bloomington. 

Fred  Sillcry Indianapolis. 

J.  R.  Slonaker Madison,  Wis. 

C.  Piper  Smith Pacific  Grove,  Cal 

Essie  .\lma  Smith Bloomington. 

E.  R.  Smith Indianapolis. 

J.  M.  Stoddard Indianapolis. 

J.  C.  Taylor Logansport. 

Albert  W.  Thom])8on Owcnsville. 

W.  P.  Turner West  Lafayette. 

W.  B.  Van  Gorder Worthington. 

II.  S.  Voorhees Ft.  Wayne. 

Frank  B.  Wade Indianapolis. 

Daniel  T.  Weir Indianapolis. 

A.  E.  White Coimersville. 

flerl)ert  Milton  Woollen Indianapolis. 

J.  F.  Woolsey Indianapolis. 

G.  A.  Young \\  est  Lafayette. 

L.  E.  Young West  Lafayette. 
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W.  J.  Young HyattsvilJe. 

Lucy  Youse Palo  Alto.  ^'al. 

W.  A.  Zehrinjj West  Lafayette. 

*''harle8  Zeleny liloon)ington. 

Fello>%H.  resiilent 48 

Fellows,  non-resident 10 

Members,  active 131 

Members,  non-resulent 25 

Total 214 

Note.— For  list  of  Foreign  Correspondents,  see  Proceedinirs  of  1904. 
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PROGRAM 


OF  THE 


TWENTY^FOURTH  ANNUAL  MEETING 

INDIANA  ACADEMY  OF  SCIENCE, 

PURDUE  UNIVERSITY.  LAFAYETTE,  INDIANA. 
NOVEMBER  26,  27  AND  28,   1 908. 


OFFICKRS  AND  KX-OFFICIO  KXECUTIVE  COMMITTEE. 

GLENN  CULBERTSON,  1  rf^kitni  A.  J.  BIGNEY.  ABsiBtant  8ecreUr> 

A.  L  FOLEY.  Vlce-Pre8kieiit  G.  A.  ABBOTT.  Prctt  Swretary 

J.  H.  RANSOM.  Serretary  W.  A.  McBCTH.  Treasurer 

DAVID  M.  MOTTIER  D.  W.  DENN18  J.  C.  ARTHUR 

ROBERT  HESSLER  C.  H.  EIGENMANN  0.  P.  HAY 

JOHN  S.  WRIGHT  C.  A.  WALDO  T.  C.  MENDENHALL 

C.  L.  MEFS  THOMAS  GRAY  JOHN  C.  BRANNER 

W.  S.  BLATCHLEY  STANLEY  COI'LTER  J.  P.  D.  JOHN 

H.  W.  WILEY  AMOS  W.  BUTLER  JOHN  M.  COULTER 

M.  B.  THOMAS  W.  A.  NOYES  DAVID  S.  JORDAN 

AU  aesaions  of  the  Academy  will  be  held  in  the  Chemical  Building  on  the  campus  of  Purdue  UniTcralty.  Roontf 
wiU  be  provided  in  this  building  for  the  Secretary  and  other  ofliceni.  and  for  committees.  A  general  loungtng  room 
will  aim  be  furnished. 

ENTERTAINMENT. 

Arrangements  have  been  mude  to  care  for  thiK>e  attending  the  Academy  in  fraternity  houses  within  two  blocks 
of  the  University  grounds.  A  very  low  rate  of  $1.50  has  been  secured  for  sup|)er  (m  I  riday  night.  Digit's  lodginf 
and  breakfast  on  Saturday  morning. 

On  Frkiay  noon  a  lunch  will  be  nerved  at  the  University  for  50  cents. 

Those  desiring  to  have  accommodation!)  reserved  for  them  bhould  notify  Dean  Stanley  Coulter  at  ones. 

All  attendinK  the  Acadcniy  should  rejiort  at  once  at  the  Cliemical  building,  where  their  rcsenratkm  wfll  be 
given  them  and  they  will  then  be  ^hown  to  their  lodging  places. 


PRCXIRAM  CXDMMITTEE. 

M.  H.  ThoniH.-!.  CruwfordxviUe  (*.  H.  Eigenmann.  Bloomington 

Glenn  Culbcrt.>«n,  Hanover 


LOCAL  COMMlTTEi:. 

Stanley  Coulter  Percy  N.  Evan>. 

C.  II.  Benjaman 
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GENERAL  PROGRAM. 

THURSDAY.  NOVEMBER  26. 
Meeting  of  the  Executive  Committee  at  the  Lahr  House 8:90  p.  m 

FRIDAY,  NOVEMBER  27. 

Chemical  Building. 

General  Seawon 9."00  a.  m. 

Preeident's  Address HHX)  a.  m. 

Lunch  at  the  University 12:00  m. 

Inspection  of  University  and  Exhibits l."00  p.  in. 

Section  Meetfaigs 2:30  p.  m. 

Lectijre  and  DemonstratioD  -High  Frequency  Currents.    By  Professor  H.  T.  Plumb,  .Associate  Pro- 

femor  of  Electrical  Engineering.  Purdue  University.    Lecture  Room,  Electrical  Building 8K)0p.m. 

SATURDAY.  NOVEMBER  28. 

Chrmical  Building. 

General  Sesaion  followed  by  Sectton  Meetings 9:00  a.  iii« 

Round  Table. 

PAPERS  TO  BE  READ. 

At  elevm  o'clock  Nox-ember  27  the  Academy  will  hear  the  addrera  of  the  retiring  president,  Professor  Glenn 
Colbertson,  on  "Deforestation  and  Its  Effects  .\mong  the  Hills  of  Southern  Indiana." 

GENERAL. 

1.    Work  of  the  Pathological  Laboratory  of  the  Central  Indiana  Hospital  for  the  Insane.  15m 

Dr.  Geo.  F.  Edenharter 

*  2,    New  Species  of  Birds  in  Indiana,  10m Amos  Butler 

*  3.    The  Recent  International  Congress  on  Tuberculosis,  10m Severance  Burragc 

*  4.    Bk)ffraphy  and  the  Influence  of  Environment,  15m Robot  Hessler 

*  5.    Felkner  Inland,  Wabee  Lake,  Kosciusko  County,  Indiana,  10m J.  P.  Dolan 

6.    A  Strange  Nurse,  5m .\.  J.  Bigney 

*  7.  The  9iake  Dance  of  the  Quilente  Indians,  with  drawing,  by  an  Indian  in  the  Indian  School.    Pre- 

sented by .Alb^t  B.  Reagan 

*  8.    Invasion  of  School  Building  by  Bed  Bugs,  Aranthia  Hirundinis,  Para8ito8  on  Otimney  Swifts.  H.  E.  Enders 

*  9.    Photographs  of  Morehouse's  Comet,  1908  (lantern) W.  A.  Cogshall 

•10.    Selective  Fertilizatk>n  Among  Fishes W.  J.  Moenkhaus 

•11.    Nature  Study , J.  G.  Coulter 

BOTANY. 

1.  Field  Obeervations  on  Rusts  for  the  General  Botanist,  5m J.  C.  Arthu 

2.  The  Rurt  of  Timothy,  10m F.  D.  Kern 

3.  Notes  on  the  Heteroecious  Rusts  of  Indiana.  10m Aaron  G.  Johnson 

4.  Some  Anomalies  in  the  Endosperm  of  Pinus,  5m D.  M.  Mottier 

5.  Notes  on  the  Seedless  Ptfsimmon.  5m Wm.  L.  Woodbum 

0.  A  Preliminary  List  of  the  Fungi  of  Indiana.  5m J.  M.  VanHook 

*Fapers  read. 
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*  7.    TeetitiK  Seed  Corn  by  Specific  Gravity,  5in 11.  A.  Dunn 

*  8.    Notes  on  the  Hora  of  Caaa  County,  Indiana.  lOin Robert  Hes^w 

*  9.    Bean  Anthracnose,  lOni M.  F.  Barruii 

•10.    Endophytic  Algae.  lOm Jacob  Schramin 

•il.    Report  of  Work  in  Com  Pollination.  5in M.  L.  Flsber 

•12.    Effect  of  the  Recent  Drought  Upon  Forest  Trees,  lOni Stanley  Coulter 

•13.    Difference  Between  Pinus  taeda  and  Piaus  paluKtrLs.  10m Katherine  0.  Bitting 
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EXHIBITS  AND  DEMONSTRATIONS. 

All  of  the  laboratories  of  the  University  will  be  open  for  inspection  durinii  the  seMion  of  the  Academy  and 
from  l:0O-2:30  on  Friday  members  of  the  Instruction  Staff  will  bo  present  to  explain  apparatus  and  methods  of 
work. 

Some  special  exhibit*  will  be  made  as  follows: 

TESTING  L.\B0RATORY  OF  THK  MKCHANICAL  BUILDING. 

In  tbe  Timber  Testing  Laboratory  will  be  demonstrated  the  methodH  used  in  the  Forest  Service  for  teetint 
wood. 

CHEMICAL  BU1LD1\(;. 
Exhibit  of  Jjiterature  and  Apparatus  uoed  in  the  Bpht  against  Tut)ercul<>sis. 

AGRICULTURAL  BUILDING. 

The  Departments  of  Agronomy  and  Extension  Work  and  the  State  Cliemist  will  make  exhibitti  in  the  Soil 
Phjraics  I<aboratcM7  and  the  .\gronomy  Class  Room. 

The  Department  of  Agricultural  Engineering  will  exhibit  in  Room  201. 

The  Department  of  Animal  Husbandry  will  exhibit  micro-photographic  work,  hog  cholera  vaccine  and  other 
reaeareh  work  in  the  Veterinery  Science  Liboratory  and  Museuia. 

HORTICULTURAL  LABORATORY. 
Exhibit  of  appliances  used  in  spraying  infected  plants. 

DAIRY  LABOR.\TORY. 
Exhibit  of  appliances  used  in  the  care  of  dairy  products. 

UNIVERSITY  FARM. 
Exhibit  of  experimental  feedhig  work,  the  dairy  herd  and  various  breeds  of  sheep  and  hogs. 
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The   Twenty-Fourth   Annual  Meeting   of   the   Indiana 

Academy  of  Science. 


The  twenty-fourth  annual  meeting  of  the  Indiana  Academy  of  Science 
was  held  at  Purdue  University,  Lafayette.  Indiana.  Thursday,  Friday  and 
Saturday,  November  26,  27  and  28.  1908. 

Thursday  evening  the  Executive  Committee  met  at  the  Lincoln  Club 
and  transacted  the  business  coming  before  them.  They  directed  the  Sec- 
retary to  request  of  the  Legislative  Conunittee,  having  the  matter  in 
charge,  the  doubling  of  the  appropriation  for  the  Academy.  It  was  vote<l 
that  the  next  meeting  be  a  celebration  of  the  twenty-fifth  anniversary  of 
the  founding  of  the  Academy  and  that  an  attempt  be  made  to  bring  to- 
gether all  the  educational  interests  of  the  State,  as  well  as  to  have  present 
all  the  living  ex-Presidents  of  the  Academy. 

At  nine  o'clock  Friday  morning  the  Academy  mQt  in  the  chemistry 
building  at  Purdue.  President  Culbertson  presided.  The  transaction  of 
business  and  the  reading  of  papers  occupied  the  attention  of  the  meeting 
until  eleven  o'clock,  when  the  President  delivered  his  address  on  "De- 
forestation and  Its  Effects  Among  the  Hills  of  Indiana." 

At  noon  a  luncheon  was  served  on  the  top  floor  of  the  chemistry  build- 
ing, followed  by  an  inspection  tour  of  the  buildings  of  the  University. 

On  reconvening  at  two  o'clock  a  short  business  meeting  was  held,  after 
which  papers  were  read  In  sectional  meetings.  In  the  evening  Professor 
H.  T.  Plumb,  of  the  University,  delivered  an  interesting  lecture  on  the 
subject  of  "High  Frequency  Electric  Currents.'* 

Saturday  morning  at  nine  o'clock  the  Academy  rw^onvened  and  com- 
pleted the  reading  of  papers  and  the  transaction  of  business,  adjourning 
at  eleven  o'clo<k  to  meet  In  next  annual  session  at  time  and  place  selected 
by  the  program  committee. 
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President's  Address: 

Deforestation  and  Its  Effects  Among  the  Hills  of 

Southern  Indiana. 


By  Glenn  Culbertson. 


No  region  of  Anit»ric*a,  east  of  the  IUK*ky  Mountains,  was  in  the  past 
more  densely  wooded  than  were  the  hills  and  valleys  of  southern  Indiana. 
Some  of  the  most  magnificent  specimens  of  the  temperate  latitude  forest 
trees  found  a  suitable  habitat  along  the  crests  of  the  divides,  and  upon 
the  valley  slopes  of  the  Ohio  River  and  its  tributaries.  Very  few  un- 
wooded  areas  were  found  among  the  hills  of  southern  Indiana,  and  such 
as  were  present  were  not  large. 

The  "flats**  or  "slash"  lands,  forming  the  watersheds  betw^een  the  Ohio 
and  the  Wabash  and  their  tributaries  in  many  parts  of  southeastern  In- 
diana, were  occupied  largely  by  the  sweet  gum,  or  liquidaml)er,  the  black 
gum,  beech,  shell-bark  hickory,  black-jack  and  red  oaks,  red  maple  and 
hackberry. 

On  the  gently- rolling  land  and  among  the  hills  the  yellow  poplar,  white 
and  chinquapin  oaks,  the  black  walnut,  sugar  maple,  bee<*h.  hickory,  buck- 
eye, black  locust,  linn  or  basswood,  the  white  and  blue  ash,  and  on  the 
still  more  precipitous  and  rocky  ridges  the  chestnut  oak  and  cedar,  were 
found. 

In  the  rich  alluvial  bottoms,  and  along  the  streams,  in  addition  to 
many  of  the  rolling  land  trees,  were  present  in  their  greatest  luxuriance 
the  elm,  the  cotton  wood  and  the  sycamore.  Many  of  these  trees  were 
among  the  giants  in  dimensions.  There  were  yellow  poplars  from  one  hun- 
dred to  one  hundred  and  twenty-flvo  feet  in  height,  and  from  twenty 
to  twenty-five  or  more  feet  in  circumference.  Sycamores  grew  along  the 
larger  streams  and  in  the  river  bottoms,  of  such  dimensions  that  their 
hollow  tnmks  were  sometimes  used  as  rude  dwellings  and  as  stables. 

White  oaks  and  black  walnuts  grew  to  such  size  and  in  such  profusion 
that  were  they  to  be  had  now,  in  their  original  numbers,  their  value  would 
be  twenty-fold  greater  than  the  present  value  of  the  land  from  which  they 
were  cut. 
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To  clear  the  ground  of  such  a  forest  growth,  the  ploueers  had  indeed 
a  difficult  task.  After  a  generation  of  fierce  fighting  on  the  part  of  our 
fathers  that  they  might  overcome  their  then  common  enemy,  the  forest, 
it  is  not  at  all  surprising  that  it  is  even  yet  difficult  to  bring  the  present 
generation  to  a  proper  realization  of  the  benefits  of  the  living  forest. 
All  appreciate  the  value  of  the  timber,  but  very  few  of  the  people  realize 
the  benefits  of  the  forest  to  the  country  at  large;  nor  do  they  yet  under- 
stand the  methods  by  which  forest  lands  may  be  made  as  profitable  as 
cultivated  areas.  To  cut  away  the  trees,  and  to  bring  the  land  under 
cultivation,  appears  to  be  the  great  purpose  of  the  majority  of  those  still 
pos^ssing  a  few  acres  of  woodland.  To  such  an  extent  has  the  work  of 
deforestation  been  carried  on,  even  among  the  hills  of  southern  and 
southeastern  Indiana,  that  less  than  ten  per  cent  of  the  original  forest 
areas  are  still  left  intact.  Those  portions  of  the  original  forests  yet  stand- 
ing have  in  the  greater  number  of  instances  not  more  than  30  i)er  cent  of 
their  former  number  of  trees. 

Contrary  to  what  might  have  been  supposed,  a  larger  per  cent  of  the 
steep  hill  slopes  has  been  cleared  than  the  land  of  the  more  level  regions. 
The  slopes  of  the  higher  hill  lands,  such  as  are  found  in  portions  of  Clark, 
Jefferson,  Switzerland,  Ohio,  and  Dearborn  counties,  and  to  an  equal  ex- 
tent in  the  river  counties  to  the  southwest  and  in  the  adjoining  State  of 
Kentucky,  have  been  almost  entirely  denuded  of  their  forest  growth. 
Here  and  there,  however,  on  land  that  has  become  valueless  for  agri- 
cultural purposes,  nature  has  begun  to  repair  the  general  destruction,  and 
a  scattering  growth  of  bushes  and  young  trees  has  sprung  up. 

It  is  the  puri>ose  of  this  paper  to  treat  of  some  of  the  questions,  geo- 
logical and  meteorological,  as  well  as  economic,  arising  from  the  defor- 
ested conditions  found  in  the  hills  of  southern  Indiana.  Special  study, 
however,  has  been  made  of  the  regions  comprised  in  the  basins  of  Four- 
teen Mile,  Indian  Kentucky,  Indian  and  Laughery  creeks  and  the  smaller 
streams  emj^tying  into  the  Ohio  River  in  Clark,  Jefferson,  Switaerland, 
Ohio,  Dearborn  and  Ripley  counties.  What  may  be  said  of  this  general 
region  is  largely  applicable  likewise  to  other  localities  with  approxi- 
mately similar  ctmditions. 

One  of  the  most  striking  effects  of  the  deforestation  of  this  region 
has  been  upon  the  "immediate  run  off"  of  the  streams.  As  could  have  been 
predicted,  the  amount  of  this  "immediate  run  off,"  for  any  given  precipita- 
tion, has  rapidly  increased  as  the  forests  have  disappeared.    The  volume 
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of  the  flood  waters  of  the  streams  has  year  by  year  kept  pace  with  the 
destruction  of  the  wooded  areas.  This  has  been  notably  true  of  the  vol- 
ume of  the  different  tributaries  of  Indian  Kentucivy  Creel?,  which  has  come 
more  immediately  under  my  observation.  Within  the  last  ten  years  these 
streams  have  repeatedly  had  record-making  floods. 

It  has  been  estimated  that,  upon  all  the  lands  of  the  earth,  some  36,- 
000  cubic  miles  of  water  fall  i>er  year,  and  that  of  this  amount  some  6,000 
cubic  miles  finds  its  way  into  the  sea  by  way  of  the  rivers  and  streams. 
Thus  the  annual  average  run  off  from  the  lands  is  approximately  16  per 
cent.  The  average  "immediate  run  off"  of  such  streams  as  obtain  their 
water  supply  from  the  hills  referred  to  in  this  paper  must  have  varied 
enormously  with  the  change  from  the  completely  forested  condition  of  the 
past  to  that  of  the  present.  Then,  there  was  a  universal  leaf  mulch,  and 
a  deep,  porous  soil,  filled  with  roots  and  decaying  vegetation.  As  com- 
pared to  that,  there  is  now  a  compact  sod,  a  shallow  and  very  compact 
clay  or  a  rock  surface.  The  average  annual  "Immediate  run  off"  from 
these  streams  today  is  at  least  50  i>er  cent  greater  than  that  from  the 
same  regions  under  the  forested  conditions  of  the  past. 

One  of  the  most  aw>arent  consetiuences  of  the  greatly  increased  "im- 
mediate run  oflT'  is  the  gradual  lowering  of  the  ground  water  level  in  all 
portions  of  the  State  and  esjiecially  among  the  hills.  As  the  ground  water 
level  is  lowered  the  flow  of  springs  and  of  wells  is  stopped,  or  very  much 
reduced,  in  time  of  droutb.  At  no  time  in  the  history  of  southern  Indiana 
and  northern  Kentucky  have  springs  and  wells  so  completely  failed  as  has 
occurred  during  the  season  just  past.  Water  for  family  use  and  for  stock 
has  in  hundreds  of  instances,  and  during  many  weeks,  l>een  obtained  from 
distances  of  one  or  two  miles.  The  water  supply  in  villages  and  small 
towns  became  very  limited  or  gave  out  entirely.  In  many  parts  of  the 
State,  even  at  a  distance  from  those  portions  having  a  rough  topography, 
wells  are  being  driven  to  greater  and  greater  depths  in  the  endeavor  to 
obtain  a  permanent  water  supply  for  mills  and  factories,  as  well  as  for 
farm  animals.  These  unfortunate  conditions  mny  properly  be  attributed 
in  large  part  to  the  greater  immediate  run  off  of  thc^  rainfall  resulting  from 
deforested  conditions. 

That  deforestation  in  general,  anti  in  the  regions  referred  to  in  this 
paper  in  particular,  causes  a  decrease  in  the  total  precipitation  can  hardly 
be  doubted.  The  problem  of  the  influence  of  forests  on  precipitation  is 
one  not  easily  solved,  and  is  one  which  has  long  troubled  investigators. 
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It  appears  to  the  writer  that  both  theory,  and  the  observation  of  the 
phenomena,  substantiates  the  statement  that  deforestation  greatly  influ- 
ences the  rainfall. 

It  is  not  probable  that  the  ordinary  winter  and  spring  precipitation  is 
to  any  extent  affected  by  the  presence  or  absence  of  forest  growth.  That 
tiie  summer  and  autumn  rains  are  often  greatly  modified,  on  the  other 
hand,  can  hardly  be  questioned. 

In  the  first  place,  the  presence  of  a  heavy  leaf  mulch,  and  of  the  very 
porous  and  highly-absorbent  soil  of  a  forested  areji,  is  a  suflacient  guaran- 
tee that  at  the  beginning  of  the  hot  season  the  soil  shall  be  filled  with 
moisture  from  the  winter  and  spring  rains.  Under  the  present  deforested 
conditions  of  the  hill  lands  the  immediate  run  off  is  so  great,  because  of 
their  compact  and  rocky  surfaces,  that  it  is  at  least  questionable  whether 
the  ground  is  ever  fully  saturated,  even  at  the  beginning  of  the  summer 
season.  Moreover,  if  such  a  compact  soil  were  saturated.  capillar>'  action 
would  cause  a  very  rapid  evaporation  during  the  first  few  weeks  of  warm 
weather,  and  hence  greatly  diminish  the  supply  of  ground  water  before 
midsummer. 

(iiven,  however,  the  soil  and  subsoil  of  a  forested  region  thoroughly 
saturated  with  water  at  the  opening  of  the  hot  season,  the  leaf  and  loose 
soil  mulch  effectively  stops  evaporation  resulting  from  capillary  action. 
The  ground  water  then  is  largely  conserved  until  drawn  from  the  soil  by 
means  of  the  roots  of  the  forest  trees,  and  evaporated  from  the  leaf  sur- 
faces later  in  the  season,  when  the  trees  need  the  moisture  for  growth.  It 
is  a  well-known  fact  that  the  evaporation  from  the  leaf  surfaces  of  the 
greater  number  of  trees  in  a  moist  climate  is  very  imi)ortant.  Carefully 
conducted  experiments  have  shown  that  from  the  leaves  of  a  birch  tree 
of  moderate  sisse.  from  600  to  900  pounds  of  moisture  is  evaporated  in 
twenty-four  hours,  and  that  from  a  large  elm  there  may  be  given  to  the 
atmosphere  as  much  as  several  tons  in  the  same  period.  The  amount, 
however,  varies  verj-  considerably  with  the  atmospheric  conditions.  It  is 
a  fact  of  common  observation  that  large  trees,  such  as  the  oak,  growing 
in  cultivated  fields,  so  completely  take  up  the  moisture  from  the  earth 
that  the  corn  or  other  crop  fails  to  mature  for  a  distance  of  many  yards 
from  them. 

In  a  forested  region  the  approach  of  a  low  barometric  area,  with  its 
accompanying  high  temperature  conditions,  in  accordance  with  the  laws 
of  vaporization,  causes  a  corresponding  increase  of  evaporation  from  the 
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foliage.  Moreover,  as  the  evaporation  increases,  in  the  same  degree  the 
temperature  is  modified,  since  the  greater  the  amount  of  water  changed 
into  vapor  the  greater  the  quantity  of  heat  absorbed  in  the  process.  Re- 
ducing the  temperature  increases  the  relative  humidity  of  the  atmosphere. 
Hence,  in  two  ways  the  atmospheric  conditions  are  made  more  favorable 
for  a  copious  and  general  rainfall  at  the  approach  of  low  barometric  areas 
during  the  hot  season. 

It  has  always  been  true,  i)erhaps,  that  many  thunder-storms  and 
showiers  during  the  summer  months,  and  particularly  in  July  and  August, 
give  moisture  to  very  limited  areas.  Careful  observation  during  a  num- 
ber of  years  has  convinced  the  writer  that  as  the  forests  have  disappeared 
the  average  territory  covered  by  our  summer  thunder-storms  lias  been 
gradually  and  greatly  decreasing.  Repeateilly  during  the  last  few  hot 
seasons,  and  especially  during  the  one  just  past,  the  arrival  of  a  low 
barometric  area  caused  the  formation  of  a  few  thunder-clouds,  but  these, 
instead  of  increasing  in  volume  and  advancing  so  as  to  cover  a  larger  and 
larger  region,  soon  dwindled  and  disappeared.  The  failure  of  the  present 
deforested  areas  to  add  to  the  sum  total  of  the  general  atmospheric  mois- 
ture, as  the  heated  conditions  of  the  low  barometric  area  approached,  and 
also  the  failure  in  the  fonnation  of  vapor  in  the  given  locality,  both 
starved  to  decrease  the  rainfall  of  the  thunder-storm.  This  was  due,  first, 
to  the  lack  of  a  local  vapor  supply  to  add  to  that  brought  in  by  the  winds 
from  a  distance,  and  which  is  very  necessary  for  the  formation  of  clouds 
in  the  hot  season.  Again,  when  the  supply  of  moisture  may  have  been 
>utHclent  to  form  a  thunder-cloud,  its  advance  was  into  a  highly  heated 
dry  regicm  with  its  low  relative  humidity.  The  absence  of  any  considerable 
UH-i\\  evaporation,  and  the  resulting  high  temperature  caused  the  re-evap- 
oration of  the  condensed  moisture  of  the  clouds  and  no  precipitation  fol- 
lowed. 

The  weather  conditions  of  the  deforested  areas  during  the  hot  months 
are  more  and  more  nearly  approaching  those  of  the  hot  arid  regions  of 
the  west,  where  a  thunder-cloud  formed  under  favorable  conditions  very 
fr':;quently  disappears  because  of  re-evaporation  as  it  advances  into  a 
territory  more  highly  heated,  and  of  a  lower  relative  humidity. 

In  another  way  also  the  presence  of  forests  tends  to  add  to,  and 
their  absence  to  diminish,  the  precipitation  of  the  summer  months,  and 
that  is  in  causing  secondary  showers  after  the  main  storm  is  over.  The 
enormous  leaf  surface,  covered   with  moisture  by  the  rain  just  passed. 
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causes  a  very  rapid  evaiwration  to  take  place  almost  immediately.  Hence, 
duriug  the  hot  months,  a  number  of  secondary  showers  quite  often  fol- 
lowed a  thunder-storm  under  forested  conditions.  The  old  weather  adage 
that  "Fog  rising  from  the  hills  will  soon  give  water  to  the  mills,"  seldom 
failed  of  fulfillment.  The  benefits  derived  from  the  more  gently  falling 
showers  following  the  hard  downixjur  of  the  thunder-storm  in  filling  the 
soil  of  the  cultivated  fields  and  pasture  lands  can  hardly  be  estimated. 
It  is  the  moisture  from  these  rains  that  adds  very  greatly  to  the  ground 
water,  esi)ecially  on  the  firmer  earth  surfaces. 

Again,  if  it  be  true,  as  now  appears  from  records  kept  during  the  last 
ten  years,  that  the  summer  rainfall  of  the  trans-Mississippi  states,  par- 
ticularly Oklahoma,  Kansas  and  Nebraska,  be  increasing,  it  would  uphold 
the  theory  just  advanced.  In  contrast  with  the  naked  prairie  of  the  past, 
which  had  a  large  immediate  run  off,  the  plowed  lands  of  today  are  a 
much  better  absorber  of  moisture,  and  would  increase  very  much  the  ground 
water  supply.  The  early  summer  cultivation  of  extensive  cornfields  would 
tend  to  conserve  this  moisture,  until  the  rank  growth  of  com  or  other 
cultivated  vegetation,  with  its  extensive  leaf  surface,  would  add  greatly 
to  the  evaporating  surface.  This  would  increase  the  local  atmospheric 
moisture,  especially  during  July  and  August.  Hence,  if  the  above  theory 
be  true,  there  should  be  ordinarily  an  ever- increasing  rainfall  during  those 
months  year  by  year,  just  in  proiK>rtion  to  the  area  of  original  prairie 
land  put  under  cultivation.  If  trees  were  more  extensively  planted,  the 
results  In  Increased  rainfall  should  be  marked  to  the  same  degree. 

In  r^sum^,  we  may  say  that  theory  upholds,  and  observation  sub- 
stantiates the  statement,  that  deforestation  greatly  increases  the  immedi 
ate  run  off,  and  as  greatly  decreases  the  ground-water  supply  of  a  given 
region.  It  Is  equally  true  that  the  absence  of  forests  seriously  decreases 
the  evaporation,  and  the  amount  of  vapor  in  the  atmosphere,  during  the 
hot  months.  Again,  the  absence  of  evaporation  permits  of  higher  local 
temperatures  on  the  approach  of  low  barometric  areas  and  hence  the  rela- 
tive humidity  of  the  atmosphere  must  b(»  lower.  All  tend  toward  the  re- 
duction of  the  rainfall  during  the  late  summer  months,  when  of  all  times 
it  is  most  needed  for  the  growth  and  maturing  of  vegetation. 

Furthermore,  we  believe  that  It  cnn  be  shown  that  deforestation  has 
a  tendency  In  a  region  of  rough  topography,  such  as  Is  found  among  the 
hills  of  southern  Indiana,  to  localize  the  hot  season  rainfall,  and  to  pro- 
duce conditions  approximating  those  of  the  so-called  "cloudbursts'*  of  the 
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Rocky  Mountain  regions  of  the  West.  A  case  in  ix)int  occurred  during  tlie 
past  summer  in  tlie  latter  part  of  July  over  an  area  of  some  six  or  eiglit 
square  miles  along  the  divide  between  the  basins  of  Indian  Kentucky  and 
Indian  creeks  and  their  tributaries,  in  eastern  Jefferson  and  western 
Switzerland  counties  of  this  State.  The  rainfall  in  this  case  was  un- 
precedented for  the  region.  On  one  border  of  the  given  area  a  government 
rain  gauge,  kept  by  J.  R.  Shaw,  Jr.,  wtis  filled  to  the  brim,  the  measure- 
ment amounting  to  three  and  one-half  Inches,  and  then  ran  over  for  an 
unknown  period.  Afterward  the  gau^e  was  emptied  and  received  one  and 
one-half  inches  more,  making  at  the  least  five  inches,  and  probably  mnch 
more,  in  the  period  of  two  hours  during  which  the  rain  fell.  Other  and 
more  reliable  measurements  in  locations  more  nearly  the  center  of  the 
storm  area  were  made  and  a  precipitation  of  at  least  ten  inches  in  the 
two-hour  period  were  recorded. 

The  conditions  producing  this  exc*eptionai  and  very  destructive  rain- 
storm were  as  follows:  The  region  to  the  west  and  southwest  of  the 
stonn-swept  region  is  one  of  the  roughest  tofiographically  in  southern  In- 
diana. The  whole  area  t'ov  ten  or  twelve  miles  in  this  direction  forms 
the  basin  of  Indian  Kentucky  Creek  and  tributaries,  and  the  hills  rise 
In  many  instances  400  to  450  feet  above  the  valleys,  and  the  slopes  are 
very  steep.  From  the  whole  ba^in  the  forests  have  been  almost  entirely 
removed.  On  the  day  referred  to  the  temperature  was  unusually  high, 
some  thermometers  within  the  area  registering  102  degrees  in  the  shade. 
There  was  no  movement  of  the  air  until  early  in  the  afternoon,  when  a 
gentle  southwest  wind  arose,  and  this  caused  the  highly-heated  air  of  the 
whole  region  to  move  northeastward.  The  valley  of  Brushy-fork  Creek, 
one  of  the  principal  tributaries  of  Indian  Kentucky  Creek,  became  the 
center  of  the  air  movement.  About  three  in  the  afternoon  a  cloud  began 
to  form  above  the  divide  and  around  the  head  of  the  valley  of  Brushy-fork 
f>eek.  The  highly-heated  air  ascended  very  rapidly  on  reaching  the  divide, 
and  the  consequent  rapid  cooling  of  the  air  by  expansion  caused  an  equally 
rapid  condensation  of  the  moisture  of  the  air.  The  cloud  increased  In 
volume  with  veiy  great  swiftness,  and  the  rain  fell  in  torrents,  first  over 
a  very  limited  area  and  then  over  a  wider  region.  The  center  of  the  storm, 
however,  instead  of  moving,  as  is  usually  the  case,  remained  almost  sta- 
tionary for  a  period  of  two  hours.  During  this  time  the  winds  from  al- 
most the  entire  surrounding  region  moved  slowly  towards  the  now  en- 
larged area  of  precipitation.     There  were  few   if  any  clouds  outside  of 
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the  six  or  eight  square  miles  co'ered  by  the  storm,  but  the  hot  air  from 
the  proximity,  on  reaching  this  area  of  rapidly  rising  atmosphere,  con- 
stantly added  its  moisture  to  that  being  condensed,  with  the  result  that 
for  two  hours  the  downpour  continued.  This  very  unusual  precipitation 
proved  exceedingly  disastrous  to  the  soil  of  the  cultivated  fields,  and  to 
the  roads  and  bridges  as  well  as  to  property  of  all  kinds  along  Brushy- 
fork  Creek  and  the  larger  tribufaries  of  Indian  Creek.  Both  of  thes€» 
streams  were  several  feet  above  any  previous  record.  Where  a  few  mo- 
ments before  there  were  dry,  rocky  creek  beds,  now  became  a  wild  flood 
from  six  to  ten  feet  in  depth  and  from  300  to  500  feet  wide.  Buildings 
were  carried  away  that  had  seldom  or  never  been  touched  by  previous 
floods. 

In  the  opinion  of  the  writer  this  cloudburst,  which  in  truth  it  was, 
was  caused  by  the  intense  heating  of  the  deforested  region  of  very  rough 
topography  to  the  southwest,  followed  by  the  gentle  movement  of  great 
volumes  of  heated  air  in  a  northeasterly  direction,  until  in  its  passage 
over  the  divide  it  rapidly  ascended.  Becoming  cooled  in  its  ascent,  the 
enormous  quantity  of  moisture  held  in  the  highly-heated  atmosphere  rap- 
idly condensed,  and  the  unprecedented  rainfall  for  that  region  followed. 
It  may  be  years  before  conditions  of  temperature,  moisture  and  winds 
would  unite  to  produce  another  such  storm  in  the  same  locality,  yet  the 
probabilities  are  that  in  the  future  such  rainfalls  will  become  increas- 
ingly frequent  somewhere  in  such  deforested  areas  of  rough  topography. 

From  obser\'ations  In  the  Rocky  Mountains  of  Colorado  and  Wyoming, 
the  cloudbursts  of  those  regions  are  formed  under  essentially  similar  con- 
ditions, so  far  as  the  absence  of  forests  and  areas  of  highly-heated  air  are 
concerned.  In  the  mountains,  however,  these  storms  may  be  more  intense, 
and  more  frequent,  because  of  the  greater  height  of  the  divides  and  the 
almost  entire  absence  of  vegetation  or  even  of  any  considerable  mantle 
of  soil. 

Observation  of  the  hill  region  of  southern  Indiana  compels  one  to 
believe  that  as  the  forest  growth  has  disappeared  such  storms  have  be- 
come more  prevalent.  Kxc(»ssive  rainfall  occurs  over  limited  areas,  whii'» 
drouth  conditions  prevail  over  the  surrounding  country.  In  the  one  place 
of  rainfall  the  destruction  cau.sed  by  the  flood  may  be  even  more  dis- 
astrous than  the  <outlnued  drouth  over  the  nearby  territory. 

The  effeit  of  forest  destruction  upon  streams  has  often  been  described 
and  need  not  be  dwelt  upon  in  this  paper  at  any  length.     In  the  area 
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of  hlJJ  lands  of  southern  Indiana  there  can  be  no  reasonable  doubt  that 
as  the  trees  have  been  removed  there  have  been  greater  and  greater  floods; 
and  now  as  the  forests  have  almost  entirely  disapfieared  the  floods  have 
become  exceedingly  destructive.  Dwelling  houses  that  had  stood  above 
the  highest  waters  of  the  streams  for  half  a  c*entury  have,  within  the 
last  decade,  since  tlie  higher  prices  for  timber  have  caused  the  more 
nipid  disappearance  of  the  trees,  been  Inundated  repeatedly  and  many 
of  them  earrietl  away.  Bottom  lands  that  twenty  years  ago  had  a  deep 
and  fertile  soil  are  now  almost  worthless.  The  flood  waters  have  carried 
away  the  greater  part  of  the  tillable  earth  and  left  in  its  place  stones  and 
gravel.  In  other  places  the  alluvium  of  the  t>ottoms  has  been  covered 
by  material  from  the  hills.  Thousands  of  acres  of  such  land,  which  a 
few  years  ago  was  the  most  fertile  and  valuable  in  tlie  State,  are  now 
undesirable. 

Hand  in  liand  with  the  floo(h»tl  conditions  and  conseciuent  destruction 
caused  by  the  larger  streams  has  gone  the  loss  of  soil  by  erosion  from  the 
deforested  liill  lands.  It  is  no  exaggeration  to  say  that,  from  the  greater 
numb(»r  of  hill  farms  placed  under  cultivation  a  quarter  of  a  century  ago, 
there  has  been  removed  on  the  average  a  foot  of  soil,  and  from  many 
slopes  there  has  been  talcen  three  or  four  times  as  much.  Tens  of  thou- 
sands of  acres  of  the  steeper  hillsides  have  been  denuded  of  their  soil 
cov#^ring  and  are  at  present  valueless  for  ordinary  agricultural  purposes. 
How  to  prevent  this  denudation  is  the  most  serious  problem  that  the  hill 
farmer  has  to  solve.  In  many  cases  a  single  heavy  rain  in  February  or 
March,  wlien  the  departing  frost  has  left  the  ground  in  its  least  compact 
co!;uition,  has  been  Icnown  to  remove  from  a  whole  slope  an  average  of 
ft)ur  or  five  inches  of  the  soil.  Fields  thnt  t)efore  the  rain  were  consid- 
ered g<K)d  farming  land  were  left  so  coverefl  with  nxks.  and  with  so  little 
soil,  that  they  were  practically  abandoned.  Farmers  among  tlie  hill  lands 
art*  realizing  more  and  more  that  a  loss  of  soil  is  the  most  serious  of  prop- 
erty losses,  since  a  damage  of  this  character  cannot  l>e  repaired  except  by 
the  ordinary'  processc^s  of  nature,  which  require  scores  and  even  hundreds 
of  years.  Farm  after  farm  in  southern  Indiana.  considercHl  very  valuable 
thirty  yeai's  ago,  is  practically  deserted  today.  The  population  of  this 
regitm  first  (xx'upied  the  hills,  and  considered  tlu'  soils  of  the  flats  and 
divides  very  undesirable.  For  many  years  now,  however,  the  tide  of  move- 
ment of  the  people  has  been   from   the  liills  to  the  flat  <u-  gently  rolling 
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lands.  As  a  result  the  population  and  wealth  of  many  of  the  hill  counties 
have  been  gradually  and  greatly  diminishing. 

Many  of  the  streams,  flowing  down  steep  beds  in  their  short  courses 
from  the  divides  to  the  Ohio,  at  one  time  furnished  valuable  water  power. 
They  are  now  useless.  Were  it  possible  to  control  such  streams  as  Four- 
teen Mile,  Indian  Kentucky,  Indian  and  Laughery  creeks  and  many  others 
in  Clark,  Jefferson,  Switzerland,  Ohio,  Dearborn,  Ripley  and  other  coun- 
ties in  southern  Indiana,  very  valuable  water  power  could  be  obtained. 
Under  the  present  condition  of  floods  and  drouths,  however,  they  are 
valueless  as  a  source  of  power.  Streams  that  thirty  years  ago  furnished 
abundant  power  for  mills  during  ten  months  of  the  twelve  now  are  even 
without  flowing  water  for  almost  half  the  time. 

The  alternate  floods  and  drouths  have  had  a  serious  effect  also  upon 
the  animal  life  of  these  streams.  The  great  volume  of  muddy  and  rap- 
idly-flowing water  sweeps  thousands  of  the  smaller  fish  from  their  proper 
habitats  into  larger  pools,  where  they  become  a  prey  to  their  own  kind. 
On  the  other  hand,  drying  up  of  the  pools  of  almost  every  small  and  of 
very  many  of  the  larger  streams  causes  the  destruction  of  the  young  of 
our  most  valuable  game  and  food  fishes  as  well  as  of  minnows  and  of 
crayfish  upon  which  the  more  highly-prized  fishes  feed.  In  the  flooded 
streams  followinje:  the  unusual  freshets  of  March  and  April  of  the  present 
year  bass  and  other  species  of  fish  ascended  the  smaller  streams  almost 
to  their  very  sources  for  the  purpose  of  spawning.  The  severe  drouth  of 
the  late  summer  and  autumn  months  dried  up  the  pools  and  caused  the 
death  of  such  quantities  of  the  young  fish  and  other  animal  life  that  the 
odor  of  their  decaying  bodies  was  very  offensive  to  persons  dwelling  along 
the  streams  near  the  pools.  It  would  be  quite  within  the  truth  to  say  that 
several  wagon  loads  of  minnows  and  the  young  of  our  food  fishes  thus  per- 
ished this  season  in  the  tributaries  of  Big  and  Indian  Kentucky  creeks  iu 
Jefferson  County  alone.  Some  of  the  young  bass  were  removed  to  larger 
pools,  but  thousands  upon  thousands  were  destroyed.  It  would  seem  al- 
most useless  to  restock  our  streams  with  bass  and  other  valuable  food  and 
game  fishes  if  the  periodic  floods  and  drouths  are  to  continue  and  to  grow 
in  magnitude  and  severity. 

The  points  already  discussed  represent  but  a  part  of  the  evils  result- 
ing from  deforestation  among  the  hills  and  vallejrs  of  our  southern  coun- 
ties. We  need  not  speak  of  the  more  manifest  economic  phases  of  the 
subject,  such  as  the  failure  of  the  timber  and  the  fuel  supply,  and  the 
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higher  prices  resulting.  Enough  has  been  said  to  convince  all  that  the 
only  hope  for  the  future  proi^erlty  of  great  areas  of  our  State  lies  In  re- 
foresting. In  the  first  place,  reforestation  should  be  urged  upon  the 
present  land  owners.  Many  an  acre  of  untlllable  soil  could  be  planted  in 
blacl^  locust  catalpa,  black  walnut  or  shell-barlt  hickory  with  good  pros- 
pect of  speedy  returns  upon  the  investment.  Wealthy  men,  interested  In 
the  preservation  of  game  or  fish,  should  be  encouraged  by  favorable  laws, 
or  otherwise,  to  purchase  large  tracts  of  the  hill  lands  of  the  State,  and 
to  plant  them  in  timl)er. 

Our  State  has  already  made  a  good,  although  very  small,  beginning 
in  forestry.  In  the  writer's  opinion  it  would  be  the  highest  economy  for 
the  commonwealth  to  purchase  and  reforest  tens  of  thousands  of  acres  of 
her  rougher  hill  lands  along  the  Ohio  and  other  streams.  These  lands  are 
almost  valueless  for  agricultural  purposes.  Covered  with  a  growth  of  our 
most  useful  trees,  they  would  In  time  return  a  rich  revenue  to  the  State; 
they  would  again  become  covered  with  soil ;  the  present  unsightly  and  un- 
profitable gullied  fields  and  yellow  clay  points  would  disappear;  the  loose 
soil  and  leaf  mulch  resulting  would  again  absorb  great  quantities  of 
moisture,  reduce  the  immediate  run  off,  and  hence  diminish  the  volume 
of  the  flooded  streams.  At  the  same  time  the  ground  water  supply  would 
be  greatly  augmented;  our  late  summer  rains  would  be  more  numerous 
and  more  copious;  wells  and  springs  would  be  more  permanent  and  give 
larger  volumes,  and  our  most  severe  drouths,  destructive  to  all  life, 
prevented. 

The  probabilities  are,  however,  that  private  enterprise  alone  will 
never  restore  the  forests  to  our  hills  as  fully  as  the  best  interests  of  the 
people  demand,  hence  the  State  and  Nation  must  be  called  upon  to  take  a 
leading  part  in  reforestation. 


[4—21363] 
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Work  of  the  Pathologicai.  Labokatory  of  the  Central 
Indiana  Hospitai^  for  Insane,  Indianapolis. 


By  Dr.  Geo.  F.  Edenhabteb,  Superintendent. 


The  time  allotted  to  review  the  work  of  our  Pathological  Department 
barely  permits  even  a  brief  presentation  of  its  ix)lieies,  methods  and  r<^ 
suits. 

It  should  not  be  inferwMi  from  the  name  that  tlie  work  therein  is 
purely  of  a  pathological  character,  because  in  addition  thereto  all  methods 
of  clinical  investigation — psychical,  physiological,  chemical,  bacteriolog- 
ical, etc. — are  employed. 

This  department  had  its  inception  in  a  desire  to  establish  the  work 
of  this  hospital  uiK)n  a  scientific  basis — to  provide  our  medical  staff  with 
facilities  for  the  accurate  determination  of  the  character  of  the  diseases 
met  with  in  institutional  life. 

It  was  also  our  ambition  to  create  a  scientific  department — a  medical 
center — for  the  use  of  the  physicians  and  medical  students  of  the  State, 
wherein  the  diseases  of  the  mind  and  nervous  system  could  be  clinically 
studied  and.  if  possible,  to  determine  their  cause  and  formulate  methods 
for  their  prevention  and  cure. 

We  recognized  that  ultimate  suc*cess  in  preventing  and  controlling 
these  diseases  could  only  be  achieve<i  by  providing  every  community  with 
practitioners  who  had  been  thoroughly  taught  the  most  approved  methods 
of  care  and  treatment  of  the  Incipient  stages  in  these  cases,  and  this  In 
connection  with  a  close  clinical  study  of  the  various  forms  of  Insanity. 

We  knew  that  the  greatest  opportunity  for  successful  results  pre- 
sented itself  in  the  early  stages  of  these  maladies  and  therefore  determined 
to  exert  our  energies  In  an  endeavor  to  provide  facilities  for  the  educa- 
tion of  the  Individual  who  expected  at  some  future  time  to  assume  the  role 
of  a  family  physician. 

Students  who  interest  themselves  in  this  specialty  are  urged  to  visit 
this  department,  where  every  effort  will  he  made  to  assist  them  in  obtain- 
ing a  knowledge  of  the  laboratory  and  clinical  methods  In  vogue. 

When  requested,  our  pathologist  proi>erly  directs  their  efforts  in  re- 
search In  any  desired  direction. 
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Our  expectations  for  this  department  are  ^rraduaiiy  being  realized,  and 
it  is  with  a  feeling  of  pei*sonal  pride  that  I  am  able  to  make  the  state- 
ment that  this  hospital  is  today  presenting  to  the  students  of  the  medical 
colleges  of  Indiana  a  course  of  lectures — didactic  and  clinical — coucemlug 
the  diseases  of  the  mind  and  nervous  system,  their  cause,  pathology  and 
treatment,  unsuri^assed  by  any  educational  institution  in  this  country. 

We  believe  that  you  who  are  at  all  conversant  with  the  facts,  recog- 
nize tlie  many  serious  obstacles  to  l>e  overcome  in  inaugurating  and  prose- 
cuting worli  of  a  scientific  character  in  public  institutions. 

In  the  very  nature  of  things  there  must  be  many  plans,  and  many  de- 
feats, and  in  tlie  end,  when  the  decisive  battle  is  waged,  you  may  achieve 
one  victory. 

It  is  the  hope  that  this  may  be  the  final  outcome  of  our  effort  wherein 
we  find  the  sustaining  strength  to  carry  the  burden. 

It  is  fortunate  indeed  that  we  cannot  peer  into  the  future  and  expose 
to  view  all  the  keen  anxieties  and  bitter  disappointments  which  are  to 
be  our  portion  in  connection  with  prosi>ective  work. 

The  building  was  erected  in  1895,  and  the  equipment  was  installed  In 
1896. 

The  dedicatory  exercises  were  held  under  the  auspices  of  the  Marion 
County  Medical  Society  on  December  18,  1890.  At  this  meeting  a  paper 
on  "The  Evolution  of  the  Physiology  and  Pathology  of  the  Brain  and 
Spinal  Cord"  was  read  by  Prof.  Ludwig  Hektoen,  M.  D..  of  the  Rush  Med- 
ical College. 

Prior  to  the  appointment  of  a  resident  pathologist  the  hospital  staff 
utilized  the  facilities  of  this  department  in  making  sucli  examinations  as 
occasions  demanded.     They  also  performed  autopsies. 

The  first  attempt  t^  systematize  and  direct  the  work  was  outlined  in 
the  following  notice: 

•*The  laboratory  work  for  the  staff  of  the  hospital  will  begin  April 
1.  1898. 

'•The  department  is  now  ready  for  making  examinations  of  material 
for  diagnostic  purposes. 

"Each  member  of  the  staff  should  possess  a  copy  of  Stirling's  Histol- 
ogy, several  dozen  glass  slides  and  covers. 

"The  study  will  be  from  ten  to  twelve  in  the  forenoon,  each  member  to 
be  in  the  laboratory  every  other  day. 

'Attendance  upon  this  course  is  obligatory. 
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'•Wheu  autopsies  are  made,  the  assistant  physiciau  vvlio  liad  charge 
t>f  the  patient  shall  assist  the  pathologist  in  making  it." 

Under  the  above  arrangement  the  hospital  staff  was  given  a  thorough 
review  of  histology,  bacteriology,  microscopy,  chemistry  and  pathology. 

The  sphere  of  work  was  gradually  broadened. 

I  quote  from  the  report  of  1900-1901 : 

**Two  objects  have  been  constantly  in  mind  in  developing  the  work  of 
the  laboratory  during  the  past  year: 

''First.  That  of  enabling  the  members  of  the  resident  medical  staff 
to  conduct  their  study  and  treatment  of  the  cases  committed  to  the  care 
of  the  hospital  with  a  knowledge  of  the  pathological  basis  of  disease  and 
a  more  intimate  knowledge  of  the  structure  and  functions  of  the  nervous 
system  as  revealed  by  re<'ent  scientific  researches  in  this  field. 

"Second.  That  of  placing  upon  a  thorough  systematic  and  working 
basis  the  study  of  the  nervous  system  and  organs  of  those  cases  upon 
which  an  autopsy  is  allowed. 

*'ln  carrying  out  the  former  the  following  methods  have  l)een  adopted : 

**Each  morning  for  two  hours,  from  ten  to  twelve,  three  members  of 
the  medical  staff  are  engaged  in  the  study  of  the  normal  and  diseased  or- 
gans. In  these  morning  classes  the  work  is  individual  and  inductive. 
In  studying  an  organ,  stained,  injected  and  digested  sections  are  first  drawn 
with  different  magnifications  and  then  descriptions  of  the  same  written 
without  the  aid  of  books  or  teaching.  The  gross  anatomy  and  anatomical 
relations  of  the  organs  are  then  reviewed.  When  this  has  been  accom- 
plished, a  pathological  section  of  the  same  organ  is  given  without  the 
student  knowing  its  designation.  From  this  drawings  and  written  de- 
scriptions are  made  of  those  parts  differing  from  the  normal  sections  be- 
fore studied.  This  having  been  done,  the  pathologist  goes  over  the  sec- 
tion with  him,  correcting  the  work  where  necessary  and  iwinting  out 
those  parts  of  more  imi)ortance,  and  together  they  arrive  at  a  diagnosis 
of  the  diseased  condition.  From  the  changes  found,  the  student  then  con- 
structs the  gross  appearance  of  the  organ  thus  diseased  and  describes  the 
clinical  symptoms  which  would  be  most  likely  present  during  life  in  a 
patient  so  afflicted.  The  proc^ess  of  reasoning  in  this  work,  it  will  be  seen, 
is  practically  the  same  as  that  which  the  physician  pursues  in  diagnosing 
his  case  upon  the  wards;  here,  however,  he  starts  with  the  diseased 
organ  and  builds  up  his  clinical  symptoms;  there  he  arrives  at  the 
changes  in  his  organ  from  the  clinical  evidence.     Incorr)orated  with  this 
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work  there  is  constantly  a  review  of  tiie  anatomical  and  piiysiological  re- 
lations of  tlie  organ  studied. 

"Besides  tliese  morning  classes,  two  evening  courses  of  kn^tures  liave 
been  given,  the  first  on  'Clinical  Anatomy,'  the  second  on  'The  Finer 
Anatomy  of  the  Nervous  System.'  In  the  former,  which  extended  over 
a  i)eriod  of  two  months,  the  time  was  si>ent  in  the  study  of  the  normal 
relations  and  position  of  the  atnlominal  and  thoracic  organs,  the  staff  out- 
lining these  by  clinical  methods  on  living  subjects  after  the  position  of 
each  had  been  indicatcni  by  drawings  and  upon  a  skeleton. 

"To  the  second  series  of  lectures  the  physicians  of  the  city  were  also 
invited.    This  course  extended  over  a  period  of  three  months. 

"The  excellent  library  of  the  laboratory  has  been  rearranged  and  two 
different  catalogues  made,  to  enable  the  staff  to  carry  on  their  studies  with 
more  freedom  and  to  open  for  them  every  opportunity  to  do  original  work. 
The  medical  journals  have  also  been  rearranged  in  regular  series,  with 
the  same  object  in  view. 

"To  aid  in  teaching  and  study,  the  gross  specimens  in  the  museum  have 
been  carefully  mounted  and  arranged  in  groups.  As  this  is  added  to 
from  time  to  time  it  will  form  a  very  important  feature  in  the  advan- 
tages which  the  lal)oratory  offers  for  study. 

"Enlarged  drawings  have  been  made  of  Miss  Florence  Sabin's  excel- 
lent model  of  the  medulla,  pons  and  mid-brain,  to  aid  in  the  teaching  of 
this  important  and  very  intricate  portion  of  the  central  nervous  system. 
Nothing  could  be  of  more  service  in  enabling  the  student  to  grasp  the 
structure  of  this  region  than  the  model  which  Miss  Sabin  has  constructed." 

In  1900  the  medical  colleges  commenced  their  didactic  and  clinical 
lectures  to  their  students.  This  course,  with  a  variation  of  the  program, 
has  been  continued  each  year.  Indiana  University  also  presents  an  annual 
course  in  psychology.  The  pathologist  each  lecture-day  presents  some 
pathological  demonstration,  the  program  for  each  session  being: 

Didactic  lecture,  one  hour. 
Clinical  lecture,  one  hour. 
Pathological  lecture,  one  hour. 

Members  of  the  hospital  staff  alternate  in  arranging  cases  for  the 
clinical  lectures.  This  course  is  free  to  practioners  and  students  of  medi- 
cine; others  are  admitted  uix)n  special  permission  of  the  superintend- 
ent or  lecturer. 
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From  the  report  of  1906  we  take  the  following : 

'^Beginning  October  1,  1903,  and  continuing  until  the  last  of  December 
of  the  same  year  a  series  of  lectures  and  demonstrations  was  given  to  the 
assistant  physicians  on  the  anatomical  relations  and  the  physiological 
functions  of  the  various  parts  of  the  nervous  system,  on  the  diflCerent 
changes  produced  by  the  different  pathological  conditions  that  were  liable 
to  involve  them,  and  upon  the  clinical  symptoms  manifested  by  such  in- 
volvement. 

"After  the  Ist  of  January.  1904,  regular  staff  meetings  were  insti- 
tuti*d  and  held  three  times  weekly,  namely,  Monday,  Wednesday  and  Fri- 
day mornings  from  10:30  to  12.  At  these  meetings  the  assistant  phy- 
sicians alternated  in  presenting  one  or  more  cases.  A  systematic  exam- 
ination was  made  of  the  mental  condition  and  also  of  the  physical  condi- 
tion, where  this  had  not  been  done  beforehand,  by  the  physician  in  charge, 
followed  by  a  discussion  of  the  case  by  those  in  attendance.  A  synopsis 
of  the  more  important  clinical  features  of  each  case,  together  with  a  sum- 
mary of  the  clinical  manifestations,  was  recorded. 

'The  object  of  these  meetings  was  to  create  a  nucleus  upon  which  more 
complete  clinical  records  could  be  built,  and  for  this  purpose  a  short  re- 
port was  made  and  filed  away  of  each  case,  pointing  out  the  prominent 
and  characteristic  feature  of  the  individual  cases  presented.  An  endeavor 
was  also  made  to  determine  the  underlying  conditions  that  were  the  prob- 
able factors  in  bringing  about  the  mental  disturbance.  This  problem  was 
found  to  be  an  extremely  difficult  one.  Many  important  factors  came  into 
consideration  when  an  attempt  was  made  to  bring  about  a  solution  of  this 
problem  which  were  most  difficult  to  regulate  and  control,  in  many  cases 
wholly  impossible,  and  tended  to  make  this  part  of  the  work  a  source  of 
discouragement  and  in  many  respects  very  unsatisfactory.  One  of  the  first 
essentials  in  the  study  of  all  pathological  conditions,  whether  mental  or 
physical,  is,  of  course,  to  have  a  correct  conception  of  the  normal,  or  what 
is  regarded  as  normal,  in  the  individaul  case.  Without  this  one  cannot  ar- 
rive at  a  definite  conclusion  as  regards  the  degree  and  extent  of  the  ab- 
normal conditions  that  developed  or  that  may  do  so.  In  the  majority  of 
eases  presented  very  little  information  was  obtainable,  apart  from  that  of 
the  commitment  record,  or  from  the  jmtients  themselves.  The  former  re- 
ports, unfortunately,  were  very  incomplete,  and  the  latter  almost  invari- 
ably were  more  or  less  distorted  or  modified  by  the  trend  and  coloring  of 
the  mental  disturbance  existing.    Consequently,  any  conclusions  arrived  at 
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can  ouly  be  of  corresponding  value.  In  addition  to  this,  it  is  of  tlie  great- 
est importance  to  have  a  full  report  of  the  heredity,  early  education,  train- 
ing and  environment  of  each  case  in  order  to  understand  and  appreciate 
the  character  and  nature  of  the  disturbances  that  may  be  manifested. 
And,  finally,  there  Is  requisite  a  full  report  of  the  results  of  a  complete 
examination  of  the  patient's  condition  at  the  time  of  admission,  or  as  soon 
thereafter  as  possible,  both  mental  and  physical,  together  with  a  record 
of  the  case  while  in  the  institution.  Without  these  data  it  is  impossible 
to  place  the  pathological  work  in  its  proper  relationship  to  the  clinical 
aspect,  or  to  place  the  latter  upon  a  definite  pathological  basis." 

Slnoe  the  above  was  written  the  work  has  been  carried  on  practically 
along  the  same  lines,  with  a  constant  endeavor  to  improve  the  methods  and 
Iierfect  the  details. 

This  year  we  have  undertaken  the  re-examination  of  every  patient  in 
the  hospital  in  accordance  with  an  approved  schedule  with  regard  to 
the  mental  and  physical  condition. 

This  procedure  will  be  followed  in  all  new  cases  admitted. 

When  this  work  is  completed  we  will  have  a  systematized  record  of 
each  patient  that  will  be  of  the  greatest  practical  value. 

The  Marion  County  Medical  Society  has  held  a  number  of  meetings  in 
this  department.  These  occasions  were  largely  attended  and  marked  by 
an  awakening  of  professional  spirit  that  was  extremely  gratifying.  It 
has  been  the  policy  of  the  hospital  to  have  each  of  these  meetings  ad- 
dressed by  an  eminent  medical  man. 

The  first  was  addressed  by  Prof.  L.  Hektoen,  of  Chicago,  upon  **The 
Contributions  of  Anatomy  and  Pathology  to  the  Nervous  Sjrstem." 

The  second  by  Jos.  G.  Rogers,  M.  D.,  of  Logansi)ort,  upon  **The  First 
Aid  to  the  Insane." 

The  third  by  C.  B.  Burr.  M.  D.,  of  Flint,  Mich.,  upon  *The  Care  of  the 
Recent  Case." 

The  fourth  by  Lewellyn  F.  Barker.  M.  D..  of  Chicago,  on  **The  Im- 
portance of  Pathological  and  Racterl(»logical  Lnlwratories  in  Connection 
with  Hospitals  for  the  Insane." 

The  fifth  by  Stewart  Paton,  M.  D.,  of  Baltimore,  uiK>n  "The  Recent 
.\dvances  in  Psychiatry  and  Their  Relation  to  Internal  Medicine." 

The  sixth  was  for  the  purjws^  <»f  dedicating  the  new  hospital.  The 
attendance  at  this  meeting  was  the  largest  of  any.  there  being  present  up^ 
ward  of  three  hundred  prominent  persons. 
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The  seventh,  by  F.  W.  Langdon,  M.  D.,  of  Cincinnati,  upon  the  "Car- 
dio-Vaseular  and  Blood  States  as  Factors  in  Nervous  antl  Mental  Dis- 
eases." 

A  summary  of  the  woii(  done  in  this  department  shows : 

1.  That  the  laboratory  facilities  were  in  daily  use  for  the  examination 

of  various  tissues,  specimens  of  blood,  urine,  sputum,  etc. 

2.  That  two-hundred  and  seventy-four  autopsies  were  held  and  the  find- 

ings demonstrated  and  recorded. 

(Under  the  hospital   rule  no  autopsies  are  held,  except   in 
coroner's  cases,  without  the  permission  of  the  relatives.) 

3.  That  many  sections  of  tissues  and  organs  were  preserved  for  chemical, 

bacteriological  and  microscopical  examination. 

4.  That  one  hundred  and  thirty-six  gross  specimens  were  placed  in  the 

museum. 

5.  That  twenty  papers  covering  important  cases  were  written. 

0.    That  over  four  hundred  staff  meetings  were  held,  at  which  over  five 
hundred  cases  were  presented  for  clinical  examination. 

7.  That  two  hundred  and  four  lectures  were  given  by  the  colleges  to  their 

classes. 

8.  That   one  hundred   lectures   upon   neuropathology   were   delivered   to 

these  classes  by  the  pathologist. 

9.  That  thirteen  hundred  and  forty-one  eases  were  taken  before  the  col- 

lege classes  for  clinical  demonstration. 

This  record  alone,  if  there  were  no  other  advantages  to  be  derived, 
would  fully  Justify  the  maintenance  of  this  department. 

But  there  are  other  reasons  for  its  continuance: 

First.  Because  it  stimulates  the  individual  members  of  the  staff  to 
greater  professional  effort. 

Second.  It  creates  a  demand  for  accurate  case  and  clinical  histories. 
This  requires  more  attention  to  the  individual  patient. 

Third.  It  incites  to  study  and  systematic  investigation  by  having  at 
hand  the  requisite  appliances,  lK)ok8,  models,  charts,  etc. 

Fourth.  It  enables  the  institution  to  offer  something  to  the  ambi- 
tious student  seeking  an  opportunity  for  medical  advancement. 

Fifth.  It  provides  instruction  to  the  physicians  and  the  students  In 
the  State;  prepares  them  to  render  early  skilled  attention  to  the  men- 
tally afflicted  in  their  community.    This  directly  benefits  the  citizen. 

Sixth.    It  increases  the  ability  of  the  outside  physician  to  deliver  an 
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intelligent  Judgment  in  insanity  inquests  and  dictate  a  description  of  tlie 
case  of  value  to  the  hospital. 

Seventh.  It  economizes  for  the  counties  and  State  ultimately  by  de- 
creasing the  number  of  persons  annually  committed  to  this  or  institutions 
of  like  character. 

Eighth.  It  actuates  some  students  to  undertake  a  special  study  of 
mental  and  nervous  diseases.  Witli  additional  opportunities  given  these, 
for  clinical  observation  and  for  practical  work  in  the  laboratory,  will 
eventually  develop  material  from  which  to  select  physicians  for  positions 
in  the  hospital. 

Ninth.  It  establishes  a  valuable  medium  to  create  harmonious  rela- 
tions between  the  outside  meml^ers  of  the  profession  and  the  institution. 

Tenth.  It  aflfords  the  hospital  staff  the  benefits  of  consultations  with 
specialists  in  all  lines  of  practice. 

Eleventh.  It  collects  pathological  data  for  the  records  and  speclmen«^: 
for  the  museum  wiilch  will  be  of  Incalculable  value  for  future  reference 
and  study. 

Twelfth.  It  assists  In  educating  the  public  to  the  ne(»ds  of  the  h;»s- 
pltal  and  arouses  an  Interest  In  Its  behalf. 

Thirteenth.  It  furnishes  the  medical  colleges  with  clinical  advan- 
tages unobtainable  without  the  aid  of  an  institution  of  this  character. 

Fourteenth.  It  extends  Its  influence  in  time  to  the  Individual  of 
every  community;  it  teaches  that  "prevention  Is  better  than  cure,"  and 
that,  If  the  people  really  desire  to  Impede  the  "onward  march  to  the  hos- 
pitals for  the  Insane"  In  future  generations,  they  must  begin  at  once  to 
heed  the  advice  given,  assist  in  locating  and  studying  the  causes,  and  by 
precept  and  example  lend  every  influence  toward  their  removal. 

From  the  foregoing  it  is  apparent  that  the  main  object  of  our  work  In 
this  direction  Is  to  provide  the  best  medical  service  possible  for  the  men- 
tally alBlcted  Individual,  within  or  without  the  hospital. 

The  State  should  establish  at  e\'ery  Institution  a  department  fully 
t»qulpped  for  scientific  work.  I  say  at  every  Institution,  because  with  me 
the  basic  principle  of  this  movement  Is  the  creation  of  centers  around 
which  the  membei's  of  the  local  profession  may  gather  and  study  mental 
and  nervous  diseases,  their  causes  and  treatment. 

Again.  I  believe  in  encouraging  Individuality,  and  know  that  a  State 
can  well  afford,  in  view  of  the  great  benefits  derived,  to  have  a  number 
of  Investigators  [>ursuinjjr  original   and   Independent  work   in  this  cause: 
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and  last,  but  not  least,  I  contend  that  each  and  every  institution,  with  its 
medical  staff,  is  entitled  to  equal  advantages  and  equal  opportunities. 

In  conclusion  I  extend  to  each  and  every  member  of  the  Academy 
a  cordial  invitation  to  visit  this  department  and  inspect  the  equipment 
and  the  methods  pursued. 
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An  Addition  to  the  Birds  of  Indiana. 


By  Amos  W.  Butler. 


Harris  Sparrow. 

Zonotrichia  querula  (Nutt). 

A  specimen  of  this  western  species  was  taken  May  4,  1907,  near 
Sheridan,  Hamilton  County,  Indiana,  by  Ernest  P.  Wallser.  It  is  an  adult 
male  in  good  plumage  and  was  found  along  a  hedgerow  in  company  with 
White-crowned  Sparrows.  The  time  of  capture  was  about  noon.  The  day 
was  rather  cool  and  the  birds  were  hopping  about  near  the  ground.  It 
was  not  at  all  wary  and  was  shot  at  close  range.  No  others  of  this  species 
were  observed. 

Mr.  Walker  has  kindly  presented  the  specimen  to  the  Academy  and  it 
has  been  deposited  in  my  collection  as  a  verification  of  this  record. 

Harris  Sparrow  is  a  bird  of  the  middle  United  States.  It  ranges 
from  Illinois  over  the  central  plains  and  casually  to  Oregon.  It  is  re- 
ported as  a  rare  winter  visitor  in  Illinois  and  Wisconsin.  (Ridgway,  111., 
Dm.,  I,  pp.  266-7).  One  was  taken  near  Riverdale,  111.,  October  6,  1804, 
by  J.  O.  Dunn  (Butler,  Birds  of  Indiana,  1897,  p.  1178). 
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Biography  and  the  Influence  of  Envikonment. 


By  Robert  Hessler. 


Biography  concerns  Itself  with  *the  history  of  the  life  of  a  particular 
person/  This  is  the  primary  definition  given  in  the  Century  Dictionary, 
a  second  heing  *bi(^raphical  writing  In  general,  or  as  a  department  of 
literature/  Again  as  a  third  definition,  *In  natural  history,  the  life-history 
of  an  animal  or  a  plant/ 

Biology,  on  the  other  hand,  concerns  itself  with  the  science  of  life 
and  living  things;  with  a  knowledge  of  vital  phenomena;  in  a  technical 
sense,  the  life-history  of  an  animal. 

Environment  is  another  name  for  surroundings,  and  environmental 
influences  may  be  regarded  as  the  influence  of  surroundings. 

In  speaking  of  the  evils  entailed  by  the  lack  of  knowledge  of  sur- 
roundings. Ward  in  his  Dynamic  Sociology  says :  "Indeed,  the  greater  part 
of  all  suffering  is  the  result,  direct  or  remote,  of  such  ignorance.  Obviously, 
therefore,  the  flrst  gi'eat  duty  of  man  is  to  acquaint  himself  with  his  en- 
vironment. This  can  only  be  done  by  study.  The  phenomena  that  lie  on 
the  surface  are  of  little  value.  They  mislead  at  every  turn.  Not  only  must 
the  deep-lying  facts,  difficult  of  access,  be  sought  out  with  great  labor  and 
perseverance,  but  they  must  be  co-ordinated  into  laws  capable  of  affording 
safe  and  reliable  guides  to  human  operations.  To  do  this  requires  a  vast 
amount  of  patient  study.  Only  a  little  has  yet  been  revealed  of  the  more 
important  truths  of  nature,  yet  consider  the  amount  of  research  which  it 
has  required!  Nevertheless,  only  a  few  individuals  have  contributed  any 
thing  at  all  to  the  result  It  is  as  yet  only  the  simpler  and  more  obvious 
relations  between  man  and  nature  that  have  been  determined.  In  the 
domain  of  physical  forces  and  chemical  substances  he  is  able  to  exercise 
prevision  in  many  ways  to  secure  advantages  and  avert  evils,  but  in  most 
of  the  higher  flelds  of  vital,  mental,  moral,  and  social  phenomena,  these 
relations  are  either  utterly  ignored  or  but  dimly  suspected,  so  that  his 
knowledge  of  them  avails  him  nothing.  The  great  work  before  him,  there- 
fore, still  is  study/'     (Ward,  Dynamic  Sociology,  Vol.  II,  p.  11.) 
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Ward  further  says:  "But  what  constitutes  the  environment  of  the 
civilized  man?  The  character  of  the  environment  of  animals  and  of  savage 
man  is  easy  to  perceive.  It  is  the  earth,  the  air,  tlie  rocks  and  waters, 
the  trees,  grass,  birds  and  animals,  the  last  to  include,  in  the  case  of  the 
savage,  the  men  of  his  own  tribe  and  of  other  tribes,  and  also  civilized 
races,  in  case  any  such  ever  come  in  contact  with  him.  It  Is  by  learning 
to  know  these  things  that  he  is  enabled  to  protect  and  defend  himself. 

"But,  looking  to  races  somewhat  more  advanced  than  the  crude  savage, 
we  find,  as  frequently  shown  before,  that  their  advancement  has  been  due 
to  action  on  their  part  in  taking  advantage  of  certain  deeper  laws  of 
nature,  in  making  use  of  materials  that  savages  fail  to  make  use  of,  in 
interpreting  phenomena  that  savages  do  not  correctly  interpret,  and, 
through  these  means,  in  devising  plans  and  inventing  appliances  for  mul- 
tiplying the  products  of  nature  and  increasing  tlie  supply  of  physical, 
social,  and  intellectual  wants.  And,  when  we  have  reached  the  highest 
forms  of  s<^>cial  existence,  we  find  that  the  only  effective  means  by  which 
desire  is  gratified,  progress  achieved,  and  happiness  attained,  consist  in 
still  deeper  knowledge  of  the  natural  surroundings,  in  a  still  wider  grasp 
of  laws  and  principles,  in  the  correct  interpretation  of  still  more  obecure 
phenomena,  and  in  the  discovery  and  invention  of  still  better  means  and 
methods  of  securing  remote  ends.  To  know  one's  environment  Is  to  poesess 
the  most  real,  the  most  practical,  the  most  useful  of  all  kinds  of  knowledge, 
and,  properly  viewed,  this  class  of  information  constitutes  the  only  true 
knowledge."     (Ward,  Dynamic  Sociology,  Vol.  II,  p.  495.) 

In  discussing  the  expression  'knowledge  of  the  environment,*  Ward 
comes  to  the  conclusion  that  it  Is  co-extensive  and  synonymous  with  the 
word  science.  He  says:  "Knowledge  of  man's  environment  Is  nothing 
more  nor  less  than  scientific  knowleilge;  and,  conversely,  all  scientific 
knowledge  consists  in  knowledge  of  the  environment  *  *  *"  (Vol.  II,  p. 
497).  Farther  on  he  says:  "The  only  us<»ful  knowledge  is  that  which 
furnishes  relations.  Isolated  facts,  until  employed  for  this  purpose,  are 
not  really  employed  at  all.  An  object  known  only  in  itself  can  scarcely 
be  said  to  be  known.  *  *  *  Sci4»uco  is  dynamic.  Whatever  it  touches  is 
transformed.  The  only  objtH^t  in  knowing  is  by  means  of  it  to  do  some- 
thing   *     *    *."     (Vol.  II,  p.  497). 

He  refers  to  the  attenuation  of  knowledge  and  of  getting  away  from 
things,  and  how  especially  in  the  Middle  Ages  men  were  inclined  to  neglect 
facts,  and  how  science  brings  us  back  to  facts  and  to  nature.     We  can 
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readily  see  how  students  of  environment  and  environmental  influences  are 
not  likely  to  be  misled  by  the  present  fad  of  psychotherapy.  Ward  also 
refers  to  much  of  our  literature  as  being  simply  a  Jugglery  of  words, 
pleasing  to  the  ears,  but  of  little  value  in  Iteeping  man  acquainted  with  his 
environment. 

Perhaps  few  of  us  realize  fully  the  importance  of  environmental  in- 
fluences, of  how  our  life  and  our  very  thoughts  and  actions  are  dependent 
thereon.  No  doubt  many  of  us  have  at  times  wondered  what  our  own  life 
and  the  life  of  others  would  be  under  different  surroundings. 

The  fleld  is  a  large  one,  and  by  way  of  delimitation  I  may  say  that 
my  original  observations  and  studies  are  confined  largely  to  one  phase  of 
the  subject,  that  of  air  conditions.  The  problem  is  this:  To  what  extent 
do  the  effects  of  air  conditions  crop  out  in  biography?  To  answer  this 
requires,  first  a  study  of  men  who  arc  today  living  under  good  and  bad 
air  conditions;  it  means  to  contrast  lives  of  men,  those  who  live  under 
good  air  conditions  with  those  living  under  bad  air  conditions ;  it  requires, 
moveover,  observation  of  individuals  who  altertiately  live  under  good  and 
bad  air  conditions.  Secondly,  it  requires  the  'fossil  remains,'  so  to  speak, 
which  can  be  studied,  Just  as  the  paleontologist  studies  fossil  remains  which 
enable  him  to  reconstruct  and  explain  past  animal  life — the  material  in 
the  present  instance  being  biographical  remains,  books  that  are  often 
luiown  under  the  name  of  Life  and  Letters,  as  those  of  Huxley  and  of 
Darwin. 

We  all  like  to  read  alK)ut  great  men  and  emulate  them ;  their  lives  are 
lield  up  as  examples  to  follow,  yet  the  number  of  great  men  living  at  any 
one  time  is  small,  and  where  one  becomes  great,  there  will  be  thousands 
and  thousands  who  are  mediocre.  A  biographer  scarcely  deems  it  worth 
while  to  pick  out  the  life  of  one  of  this  latter  class. 

It  may  be  entertaining  to  the  average  man  to  read  the  biography  of 
a  literary  man,  of  a  poet,  or  of  a  musician,  but  he  may  get  comparatively 
little  instruction  from  it.  On  the  other  hand,  he  may  read  the  life  of  a 
common  fellow  citizen  and  get  many  ideas  that  will  be  of  value  to  him  in 
the  conduct  of  his  own  life.  This  is  a  fact  that  seems  to  be  little  realized 
by  biographers,  but  it  has  been  appreciated  by  certain  novelists  who  write 
about  the  common  people,  and  such  books  are  therefore  very  popular. 
Formerly  novelists  were  concerned  chiefly  with  the  life  of  the  'upper 
classes,*  but  since  they  have  begun  to  wVite  of  the  'common  man,'  to  depict 
his  life,  we  now  know  that  such  iives'  can  be  made  of  general  interest. 
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Likewise,  in  former  days,  the  physician  was  concerned  chiefly  with  the 
well-to-do;  the  diseases  and  affections  of  slaves  and  agricultural  laborers 
and  artisans  were  jxiven  little  attention.  Today  distinctions  are  of  course 
still  made  between  the  literate  and  the  illiterate,  but  there  is  a  very  large 
class  betw^een  these  extremes — the  common  people,  and  writers  have  this 
class  of  readers  in  mind  rather  than  the  small  cultured  class. 

Some  one  has  said  that  under  each  grave  lies  a  worhi's  history,  and 
in  this  light  the  life  of  the  most  common-place  man  would  likely  reveal 
many  incidents  that  are  worth  recording,  both  on  account  of  their  general 
interest  and  the  lesson  they  may  teach. 


In  the  course  of  years   I   have  accumulated   many   notes   and   'case 

reports,'  that  is,  histories  of  individuals  in  chronic  illhealth.    Some  of  these 

histories  cover  the  individual's  w^hole  life,  from  beginning  to  end,  and  if 

published  would  be  biography,  but  since  they  relate  to  illhealth  and  give 

a  minimum  of  facts  in  regard  to  other  affairs  of  life,  such  a  biography 

would  be  of  interest  primarily  to  physicians,  to  biologists,  and  individuals 

in  chronic  illhealth  who  might  profit  by  the  experiences  of  others.    A  wise 

man  has  been  defined  as  one  who  profits  by  the  experiences  of  others;   a 

fool  as  one  who  ^scarcely  learns  from  his  own. 

My  pai^er  is  to  be  considered  as  a   continuation  of  papers  given  in 

former  years  before  this  Academy,  but  to  fully  understand  the  subject, 
this  series  of  pai)ers  should  be  considered  in  connection  with  another 
series  given  before  the  State  Medical   Society. 

I  have  prepared  a  number  of  case  histories,  more  or  less  briefly,  in 
the  form  of  long  charts  which  I  shall  show  with  a  few  remarks  on  each. 
(Charts  on  rolls  and  diagrams  were  shown,  the  following  notes  being  ab- 
stracts. ) 


BIOGRAPHY  A.  The  environmental  influoncos  crop  out  very  strongly 
in  the  family  history,  as  shown  in  the  genealogical  table.  The  ancestry 
goes  back  into  early  colonial  days,  and  until  now  the  members  have  always 
lived  under  rural  conditions.  The  great-grandfather's  generation  was  a 
long-lived  one,  likewise  the  grandfather's  and  the  father's  and  his 
own  also,  that  is,  his  brotheis  and  sisters;  ten  to  twelve  usually 
constituted  a  family.  The  individual  himself  until  recently  had  always 
lived  on  a  farm  and  led  an  active  life.     He  had  good  health,  but  when  he 
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came  to  the  city  his  health  began  to  fail,  ascribable  to  'change  of  air.*  To 
stand  on  a  street  comer  in  a  *spitter's  town,'  with  clouds  of  dust  blowing 
about,  is  a  rather  risky  occupation.  His  children  show  an  entirely  different 
history  from  that  of  the  ancestry,  a  long  life  history  being  displaced  by 
a  short  one.  The  children  die  of  the  'diseases  of  civilization,'  and  that 
means  chiefly  a  bad  sanitary  environment.  The  oflFspring,  instead  of  living 
to  tlie  age  of  sixty,  seventy,  or  eighty  years,  die  prematurely,  eight  out  of 
twelve  dying  in  childhood. 

Judging  by  or  from  the  ancestral  history,  one  can  predict  what  the 
final  termination  in  this  case  will  be.  One  can  predict — as  well  as  that 
can  be  done  in  complex  biological  predictions.  Recently  the  man  had  a 
cerebral  apoplexy  which  disabled  him  for  a  time,  but  he  gradually  re- 
covered ;  a  continued  high  blood  pressure  means  that  before  long  there 
will  be  another  apoplexy,  in  fact  there  may  be  several,  until  one  is  suffi- 
ciently severe  to  carry  him  off. 

Some  of  my  case  histories  cover  a  period  of  only  a  few  years,  but 
where  much  attention  has  been  given,  the  thoroughness  of  study  may 
offset  the  length  of  time.  One  can  readily  see  that  if  an  observer  were 
to  devote  his  attention,  say  for  only  a  year,  to  the  study  of  the  life  of  an 
individual  in  chronic  illhealth,  much  might  be  learned,  more  than  where 
one  attempts  to  cover  an  individual's  whole  life  in  a  superficial  manner, 
and  we  can  readily  understand  how  a  physician  with  many  patients  to 
look  after  can  so  scatter  his  attention  with  so  little  time  for  each  that  he 
simply  cannot  do  his  patients,  or  the  subject,  justice. 

People  in  health  scarcely  know  what  illhealth  means  to  one  who  has 
'chronic  illhealth,'  where  the  subject  necessarily  is  more  or  less  constantly 
in  mind,  and  that  certain  symptoms — symptoms  of  illhealth,  indicative  of 
a  reaction  to  a  certain  cause  or  to  an  abnormal  environment — are  present 
all  the  time,  every  hour  of  the  day,  and  from  one  day  to  another. 

The  individual  in  chronic  illhealth  naturally  seeks  relief;  he  applies 
to  the  physicians,  and  If  the  physicians  do  not  understand  the  case  and  if 
no  good  results  follow  their  treatment,  the  individual  naturally  applies 
elsewhere.  Some  chronics  are  constantly  drifting  from  one  physician  to 
another  and  from  one  form  of  treatment  to  another,  oven  tlie  most  out- 
landish. In  the  last  month  one  of  these  'chronics'  cnnu'  to  mo.  On  criti- 
cally studying  the  ease,  I  found  that  she  reacted  to  her  environment,  that 
Is,  in  this  case,  to  dust  influences.  The  patient  was  intelligent;  she 
promptly  acted  on  my  suggestions  and  many  symptoms  gradually  vanished ; 
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others  were  j;rently  modifiefl,  both  in  severity  and  nunil^er.  One  day,  after 
the  patient  luid  been  with  nie  for  some  time,  she  told  me  that  I  was  the 
eighteentli  plijsician  slie  had  consulted.  This  individual  could  write  a  book 
on  her  experiences  among  doctors,  and  it  might  make  painful  yet  beneficial 
reading  to  many  who  prescribe  purely  on  a  statement  of  symptoms. 

BIOOUAPHY  B.  Next  in  order  would  come  a  history,  a  biography, 
in  the  making,  of  a  bright  boy  of  fourteen  years,  but  for  certain  reasons 
it  was  thought  Ix^st  not  to  put  this  case  in  the  form  of  a  chart.  This  boy 
reacts  to  his  environment,  but  the  chronic  illhealth  under  certain  conditions 
promptlj^  subsides  under  other  conditions.  At  the  International  Congress 
on  Tuberculosis,  at  Washington,  two  months  ago.  Dr.  Koch  made  a  state- 
nuent  which  I  have  repeatedly  verified.  He  said  it  was  very  important  to 
teach  school  children  the  important  facts  connected  with  tuberculosis, 
that  they  will  learn  readily  and  rememlx^r,  whereas  the  old  learn  with 
difliculty  and  forget  readily.  1  have  frequently  met  elderly  people  whom 
I  attempted  to  instruct,  but  after  a  time  I  would  ask  myself,  What  is  the 
use?  One  is  apt,  on  the  other  hand,  to  take  unusual  pains  in  instructing 
the  young  and  intelligent,  who  are  both  willing  and  capable,  and  It  will 
be  interesting  to  read  the  biography  of  an  individual  who  keeps  a  daily 
record  of  what  he  does  and  where  he  is,  and  of  the  conditions  relating  to 
health  and  illhealth. 

The  question  at  time^  arises:  Should  an  individual  In  chronic  Ill- 
health  be  asked  to  keep  a  daily  record  of  events  and  of  symptoms?  I 
have  had  i)ersons  tell  me  they  had  so  many  symptoms  that  it  would  be 
impossible  to  keep  track  of  them — yet  in  a  short  time  there  would  be  only 
a  few  to  record,  if  they  heeded  rational  advice.  When  the  sick  begin  to 
realize  that  there  is  a  relationship  between  symptom  and  cause,  they  no 
longer  lie  awake  at  night  'wondering  what  it  all  means.' 

One  can  readily  understand  why  the  individual  brought  up  in  the 
countrj*  under  good  air  conditions  should  suflfer  on  removing  to  the  crowded 
city,  and  why  the  individual  who  is  chronically  ill  in  the  crowded  dty 
may  quickly  regain  health  on  going  to  the  country,  or  by  merely  exchanging 
a  dirty  city  for  a  clean  one.  We  can  also  see  how  a  study  of  biography  in 
the  light  of  air  influences,  of  coniotics,  so  to  speak,  may  be  t>oth  interesting 
and  profitable. 

BIOGRAPHY  C.  The  influence  of  environment  crops  out  in  several 
ways  in  this  ca»e,  a  man  of  .IT.  Ills  father  and  mother  were  Irish;  he 
was  picked  up  as  a  waif  in  New  York  City  when  a  small  child,  and,  with 
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a  number  of  others,  was  seut  West :  he  reached  Indianai)olis  and  was 
adopted  by  a  German  Protestant.  To  see  the  man  now  and  to  speak 
with  him,  one  would  never  suspect  that  he  is  Irish,  for  he  seems  to  be  a 
thorough-going  German,  with  all  the  German  characteristics.  As  one  might 
expect,  he  adopte<l  the  religion  of  his  foster  parents.  Some  one  lias  said 
that  our  very  thoughts  and  actions  are  determined  by  our  environment, 
and  this  man  is  an  exemplification  of  it.  In  a  general  way.  it  may  l>e  said 
that  the  Irish  in  tlieir  own  country  live  mainly  under  a  rural  environment ; 
when  they  come  to  our  crowded  cities  many  fail.  This  man  seems  to  have 
gotten  along  fairly  well  in  his  earlier  days,  but  there  has  gradually  de- 
veloped a  greater  and  greater  susceptibility  to  city  environmental  influences. 

When  this  man  first  came  to  me  five  years  ago.  he  thought  his  sand 
of  life  had  run  down,  and  on  superficial  examination  I  was  inclined  to 
agree  with  him,  but  when  I  studied  his  environment  and  past  history,  I 
came  to  a  different  conclusion.  I  saw  no  reason  why  he  should  not  con- 
tinue to  live  for  a  number  of  years.  In  explaining  the  condition  to  him. 
I  referred  to  Huxley  and  how  he  reacted  to  his  environment  and  yet  lived 
to  the  age  of  75.  and  might  perhaps  have  lived  still  longer  liad  he  Icnown 
more  about  the  influence  of  environment.  I  mentioned  the  English  saying, 
that  in  order  to  live  long  one  should  acquire  an  incurable  disease,  ex- 
plaining what  is  meant  by  ^disease' — that  it  is  really  no  disease  at  all, 
.simply  a  reaction  to  enviromnental  influences :  that  the  pains  and  aches, 
the  warnings  of  nature,  could  be  prevented  by  avoidhig  the  cause,  and  that 
means  to  observe  and  to  seek  to  avoid  them.  In  i)roportion  as  causes 
are  avoided,  one  may  live  on  and  on.  It  took  some  time  to  fully  explain 
matters  to  him  and  to  induce  him  to  give  up  his  (Kcupation,  an  indoor  one 
with  dusty  air.  There  was  a  constant  tendency  to  high  blood  pressure, 
and  I  explained  the  danger  of  'bursting  the  boiler,'  l)ut  he  continued  until 
he  'burst  a  pipe,'  that  is,  there  was  a  break  of  a  small  blood-ve8.sel  in  the 
brain,  resulting  in  slight  ai)oplexy.  The  break  occuiTed  in  the  speecli 
center  and  temporarily  rendered  him  speechless;  fortunately  the  effects 
passed  off  in  a  day  or  two.  This  was  a  warning  which  he  heeded ;  shortly 
after  he  abandoned  his  wcupation  and  lived  out  of  doors.  But  he  could 
not  live  indefinitely  without  work,  and  in  a  'sjiitler's  town'  the  nmnber  of 
occupations  attended  by  good  air  conditions  aiv  limited.  He  finally  ob- 
tained employment  in  a  hospital,  as  attendant.  Here  the  air  conditions 
are  good  and  now  he  is  getting  along  very  well — as  I  had  predicted. 

One  can  of  course  see  that  wlien  an  individual  has  spent  years  and 
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years  under  an  unfavorable  environment,  structural  changes  may  have 
been  produced — we  need  only  think  of  inflammatory  processes  followed  by 
the  formation  of  scar  tissue — and  that  the  outlook  for  a  long  life  is  not 
as  favorable  as  in  the  case  of  a  young  person  who  gets  out  in  time  and 
before  many  organic  changes  have  occurred  or  much  scar  tissue  formed. 
In  this  case,  it  is  not  so  much  a  matter  of  living  a  long  life  as  it  is  of  the 
subsidence  of  chronic  illhealth  and  the  ability  to  do  a  'fair  day's  work,' 
to  make  a  living  instead  of  being  dependent  on  charity. 

It  will  be  noticed  that  this  biography  is  in  several  sections: 

1.  An  outline  of  his  life,  by  years,  in  the  form  of  a  chart. 

2.  A  detailed  statement  up  to  the  time  he  came  to  me,  in  loose  sheets. 

3.  A  statement  of  his  observations  since  he  has  been  with  me.  It 
will  be  observed  that  all  are  autobiographic — that  is,  written  by  the  in- 
dividual ;  they  were  given  me  in  the  belief  that  his  experience  might  be 
of  benefit  to  others.^ 

4.  My  6\vn  observations  briefly  sununarizeti  and  charted,  with  sphyg- 
mograms  here  and  there  showing  circulatory  conditions.  In  the  light  of 
other  cases,  one  can  predict  that  this  individual  will,  in  all  probability, 
ultimately  die  from  heart  and  renal  trouble.  In  a  general  way,  one  can 
divide  men  into  two  groups,  high  pressure  and  low  pressure;  each  group 
has  certain  symptoms. 

BIOGRAPHY  D.  It  is  only  occasionally  that  one  is  able  to  get  a 
complete  life-history,  that  is,  from  beginning  to  end.  I  shall  show  one 
of  this  kind.  The  long  sheet  gives  an  outline  of  incidents,  arranged  by 
years  (of  factors  which  the  individual,  more  or  less  conversant  with  the 
subject  of  dust  infection,  considered  of  sufficient  importance  to  be  noted). 
The  details  that  I  asked  for  concerning  certain  factors,  incidences  and  oc- 
currences, are  given  In  these  notes  (shown).  This  individual  was  with 
me  for  only  a  short  time,  barely  long  enough  to  study  her  history  and 
condition.  She  died  some  time  later  after  having  been  under  observation 
of  two  non-resident  physicians.  The  Influence  of  environment  crops  out 
all  through  this  history,  or  strictly  speaking,  biography.  The  influence 
of  life  In  the  large  city  or  In  the  country  can  be  clearly  traced.  One 
environmental  Influence  may  be  especially  mentioned:  This  individual 
went  to  Korea  as  a  medical  missionary  and  there  contracted  a  tropical 
disease  from  which  she  ultimately  iH»rished.    One  can  readily  see  that  had 


^Tbe  Qumber  of  individuals  who  will  allow  the  hifltwy  of  thetr  lives  to  be  used,  is  tiers  presBBtsd.  fi 
rather  limited— It  takes  the  "missionary  spirit"  to  do  that. 
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she  not  gone  into  the  environment  under  which  foreign  diseases  flourish, 
she  would  not  have  contracted  sucli  a  disease.  Missionaries  are  a  self- 
sacrificing  class  of  individuals;  iwpularly  it  is  often  believed  that  they 
break  down  on  account  of  overworlc,  but  one  can  look  at  it  from  the  stand- 
point of  a  change  of  cnviroimient — and  this  may  U\i<l  us  to  critically  study 
a  case  of  overwork  in  our  midst ;  i)erhaps  after  all  it  is  simply  the  influence 
of  environment.  It  may  not  be  so  much  a  question  of  the  amount  of  work 
done  as  where  the  work  is  done.  One  may  seriously  question  whether  our 
school  children  break  down  from  'overwork' — perhaps  the  defenses  of  the 
body  in  fighting  off  infection,  bad  air,  are  overworked. 

To  study  the  life-history  of  any  one  case  is  a  task  of  magnitude.  There 
are  many  details,  and  the  more  factors  one  considers,  the  greater  the 
number  of  details  that  have  to  be  studied.  An  individual  in  chronic  ill- 
health  may  complain  constantly;  all  liis  symptoms  and  all  his  complaints 
have  a  cause;  tliey  must  have  a  cause.  To  what  extent  can  or  does  the 
student  physician  talte  up  such  details? 

There  are  few  physicians  who  have  many  patients  whose  lives  they 
can  study  from  beginning  to  end — and  to  study  a  long  life  is  wholly  be- 
yond a  single  man's  opportunity,  because  the  physician,  the  student,  is 
already  well  advanced  in  years  Ijefore  he  has  the  requisite  knowledge  to 
make  such  a  study.  He  must  begin  with  the  individual  at  birth,  and  if 
the  latter  has  a  long  span  of  life,  the  physician  will  be  dead  long  before 
his  patient.  To  properly  study  the  subject  requires  co-operation  of  many 
men. 

Biography  is  valuable  chiefly  in  that  it  teaches  us  how  to  conduct  our 
own  life,  that  is,  we  can  profit  by  the  experience  of  others.  Moralists 
like  Samuel  Smiles  will  take  a  biography  and  from  it  teach  certain  lessons 
(Prudence;  Self-help ;  Industry' ;  Forethought;  St^lf-reliance;  etc.),  but 
the  idea  that  the  illhealth  or  sickness  of  a  man  may  teach  us  how  to  avoid 
similar  experiences  has  scarcely  been  considered  and  to  the  best  of  my 
Icnowledge  not  at  all  in  the  light  of  good  and  bad  air  conditions. 

Many  biographies  contain  so  few  references  to  healtli  and  illhealth 
and  disease  that  one  might  come  to  the  conclusion  that  these  Avere  things 
not  worth  mentioning;  very  few  are  satisfactory  to  the  student.  Personally 
I  have  never  met  one  that  gave  all  the  details  I  wanted. 

The  individual  who  Is  influenced  by  his  environment  manifests  certain 
symptoms.  Some  of  these  symptoms  can  be  grouped,  and  one  can  speak 
of  types.     Some  part  of  the  body  or  some  organ  may  show  the  reaction  in 
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a  marked  manner,  and  in  this  way  determine  the  tyi)e.  Thus,  one  can 
speak  of  a  respiratory  type  of  dust  infection,  of  a  gastric  type,  of  a  nervous 
tyi)e,  etc.  In  some  tliere  is  no  localization ;  the  body  as  a  whole  reacts. 
There  may  be  a  largie  number  of  symptoms  and  yet  there  is  nothing  definite 
that  would  enable  one  to  si>eak  of  tlisease.  It  would  appear  that  the  body 
is  really  'healthy'  but  is  simply  reacting  to  the  abnormal  environment, 
and  the  moment  the  environment  is  chaugeil,  the  symptoms  disappear. 


I  have  made  a  search  through  biographies  relating  to  Indiana  i)eople 
for  a  good  example  of  the  influences  of  environment.  I  found  only  one 
biography  that  is  sutliciently  full  to  enable  one  to  trace  such  influences, 
but  as  I  am  in  search  of  further  data,  I  shall  not  take  this  up  at  present. 
Instead  I  will  take  up  the  Life  and  Letters  of  Huxley. 

Thomas  H.  Huxley.  The  life  of  a  man  like  Huxley  or  Darwin  can 
be  written  from  numy  different  standpoints.  If  the  biographer  is  a  natural- 
ist, he  can  bring  in  the  development  of  Natural  History  that  has  taken 
l)lace  throughout  the  long  life  of  suth  a  man  and  the  prominent  part  he 
took  in  it.  If  an  evolutionist  were  to  write  the  life,  he  would  lilcely  treat 
it  from  the  standpoint  of  the  development  of  the  theory  of  evolution  in 
which  Huxley  took  such  an  aggressive  part.  The  geologist,  the  paleontolo- 
gist, the  ichthyologist,  etc.,  each  would  find  material  enough  to  write  a 
work  that  would  be  of  interest  to  the  si)eeialist.  The  physician  likewise 
finds  material  enough  to  write  what  may  be  called  a  meilical  biography,  of 
siR'cial  interest  to  physicians,  and  more  esi>ecially  because  Huxley  began 
life  as  a  physician  and  throughout  his  long  life  was  associated  with  medi- 
cal schools  and  with  the  best  medical  men  of  England.  An  individual  In 
chronic  illhealth  can  leani  much  by  carefully  studying  Huxley's  Life  and 
Letti?rs,  on  account  of  the  many  references  to  chronic  illhealth.  Such 
a  study  may  enable  him  to  avoid  many  of  the  common  symptoms  of  Ill- 
health,  or  at  least  to  reduce  them  to  a  minimum. 

Huxley  reacted  strongly  to  his  environment,  and  to  understand  this 
one  must  study  the  lives  of  i)eople  living  today  who  react  In  a  similar 
manner.  Aualogy  enables  us  to  bring  together  cases  of  the  same  type. 
In  studying  the  life  of  a  man  no  longer  living,  one  is  in  the  position  of  the 
paleontologist  who  studies  the  fossil  remains  and  thereby  Is  enabled  to 
more  or  less  accurately  reconstruct  for  us  a  picture  of  the  thing  that  once 
was  living,  as  already  mentioned.  According  as  a  biography  contains 
many  references  to  illhealth  conditions,  one  is  enabled  to  more  or  less  fully 
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understand  the  nature  of  the  illhealth — which  may  not  have  been  thor- 
oughly understood  during  the  life  of  the  individual. 

Huxley  was  a  voluminous  writer  along  many  lines,  chiefly,  as  most 
of  you  know,  on  biological  subjects.  Beginning  #ith  papers  on  certain 
groups  of  animals,  he  gradually  branched  out  to  include  man,  not  only 
from  a  biological  and  anthropological  standpoint,  but  also  from  that  of 
bipgraphy;  to  understand  his  many-sided  mind,  one  has  to  read  his  various 
volumes. 

To  the  student  of  dust  influences  there  is  likewise  much  of  interest, 
not  so  much  in  his  technical  writings  as  in  his  biography.  Although 
Huxley  realized  the  general  influence  of  environment,  he  seemed  not  to 
have  realized  the  influence  of  dust  conditions,  of  coniotics.  One  can  readily 
see  how  such  a  gifted  man  might  have  avoided  much  illhealth,  and  perhaps 
have  lived  many  years  longer,  by  having  such  a  knowledge. 

Huxley  was  eminently  sane  in  his  views  regarding  man's  position  in 
the  universe ;  unfortunately  for  medical  science,  he  did  not  follow  medicine 
closely.  He  distributed  his  mind  among  many  fields  of  inquiry,  some  of 
which  have  only  remote  relationship  to  medicine. 

At  the  time  when  he  was  actively  engaged  in  the  practice  of  medicine, 
there  was  little  science  compared  to  what  is  found  today;  it  was  before 
the  days  of  cellular  pathology  and  bacteriology.  Conditions  were  such  as 
to  create  disgust  in  a  scientific  mind  like  that  of  Huxley,  and  so  it  is 
very  natural  that  he  should  have  drifted  away  from  the  practice  of  medi- 
cine and  become  a  teacher  of  some  of  the  sciences  on  which  medicine  rests, 
notably  anatomy  and  physiology. 

Although  cellular  pathology  arose  during  Huxley's  lifetime,  yet  he 
never  took  it  up.  It  is  an  exemplification  of  the  saying,  "You  can't  teach 
an  old  dog  new  tricks,"  and  when  a  man's  eyesight  begins  to  fail  on  account 
of  age,  the  days  for  close  microscopic  study  are  past.  Unless  one  studies 
pathology  and  bacteriology  in  the  laboratory,  makes  his  own  cultures  and 
examines  them,  one's  knowledge  is  not  apt  to  be  thorough  and  the  diffi- 
eulties  of  working  out  certain  problems  are  not  realized,  and,  on  the  other 
hand,  the  brilliant  results  obtained  by  some  men  cannot  be  fully  appre- 
ciated. It  is  only  the  student  who  works  'in  a  practical  manner'  who  gets 
the  best  insight,  assuming  of  course  that  he  has  the  mental  capacity  also 
to  reason  on  the  'imaginary  or  theoretical  side,'  to  form  theories  and 
then  attempt  to  verify  them. 

Huxley  did  not  understand  the  influence  of  air  conditions.     At  one 
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time  we  hear  him  exclaim,  ''I  do  wish  I  could  sometimes  ascertain  the 
exact  juste  mUieu  of  work  which  will  suit,  not  my  head  or  will,  th^se  can't 
have  too  much;  but  my  absurd  stomach."  (Life  and  Letters,  Vol.  I,  p. 
131).  Herbert  Spencer  voices  the  same  sentiment  when  he  sajrs,  *'I  want 
a  keeper  to  be  always  taking  care  that  I  do  not  overstep  the  limits  on  one 
side  or  the  other    ♦    ♦    ♦." 

We  need  not  be  surprised  that  Huxley  and  men  of  his  type  did  not 
understand  the  Influence  of  air  conditions,  when  we  consider  that  the 
best  medical  men,  active  practitioners  of  medicine,  did  not  understand 
it.  The  two  most  eminent  physicians  contemporary  with  Huxley  were 
undoubtedly  Dr.  Andrew  Clark  and  Dr.  Henry  Thompson.  These  men 
were  constantly  sending  their  patients  away  from  London.  Dr.  Clark  used 
to  say,  "What  you  need  is  rest,  pure  air,  cheerful  companions,  simple  diet, 
and  no  end  of  out-doors."  They  got  results,  patients  improved,  but  they 
did  not  press  their  Inquiry  and  seek  the  reason  why.  One  can  of  course 
readily  excuse  them  for  the  same  reason  upon  which  Huxley  must  be 
excused — They  began  work  before  the  days  of  cellular  pathology  and 
bacteriology  and  did  not  take  It  up  In  their  old  days.  Perhaps  needless 
to  say  a  knowledge  of  pathology  and  etiology  is  one  of  the  absolute  essen- 
tials in  studying  dust  infection. 

Huxley  had  a  rural  ancestry  and  that  means  that  there  had  not  been 
an  active  weeding  out  through  urban  Influences.  When  he  first  came  to 
London  as  a  young  man  he  seems  to  have  gotten  along  fairly  well,  but  in 
time  there  was  a  greater  and  greater  susceptibility  to  unsanitary  urban 
conditions  and  he  reacted  to  his  environment.  Ho  lived  in  the  West  End 
where  air  conditions  are  good,  and  lectured  at  Kensington,  which,  as 
some  of  you  know,  Is  situated  half  way  Into  the  heart  of  the  dty.  At 
first  he  could  lecture  several  hours  a  day  without  difficulty,  but  after 
a  time  he  complained  that  he  could  only  bear  one  hour  and  that  two  hours 
*does  him  up.'  Still  later  he  was  not  able  to  do  even  an  hour's  work 
under  bad  air  conditions,  but  when  he  removed  from  the  city  and  went 
to  the  South  Shore,  he  was  again  able  to  do  an  almost  unlimited  amount 
of  work. 

SYMPTOM  NAMES.  (Chart  with  all  symptom  names  grouped  was 
shown.)  In  looking  over  this  formidable  list  of  names,  a  few  facts  stand 
oat 

1.  There  is  only  one  name  that  refers  to  a  definite  disease,  that  Is. 
a  disease  with  a  specific  cause:   Infiuenza. 
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2.  Many  of  the  names  are  very  indefinite,  or,  one  might  say,  tliey 
are  Just  as  definite  as  the  conditions  to  which  they  refer,  and  where  a 
thing  is  indefinite,  one  naturally  cannot  expect  a  definite  name. 

3.  There  was  no  'organic  disease*  (until  the  very  end),  and  some  of 
the  names  and  expressions  used  were  later  on  found  to  be  erroneous.  Take, 
for  instance,  the  terms  relating  to  the  heart,  'dilatation,'  and  'enlargement' 
The  diagnosis  was  made  at  a  time  when  Huxley  was  feeling  bad  and  lie 
was  therefore  sent  to  Switzerland.  But  he  began  to  feel  better  almost 
as  soon  as  he  got  into  the  good  mountain  air — and  then  he  began  to  climb 
the  mountains.  Offhand,  one  would  be  incline<l  to  say  that  that  was  a 
very  foolhardy  act,  because  he  might  have  fallen  ofl*  the  mountain,  or 
dropped  into  a  crevice,  and  no  one  would  have  b:nown  what  had  become 
of  him ;  but  he  felt  he  could  climb,  and  he  did  climb  higlier  and  higher  day 
after  day.  Then  one  of  the  English  physicians  made  him  a  visit  and  natur- 
ally examined  him.  Huxley  says,  "H.  Thompson  treats  the  notion  that  I 
ever  had  a  dilated  heart  with  sconi !"  and  then  adds,  "Oh  these  doctors; 
they  are  worse  than  theologians."  But  when  he  returned  to  England  his 
old  complaint  came  back.  Evidently,  however,  he  had  the  satisfaction  of 
knowing  that  he  did  not  have  organic  heart  disease. 

With  increasing  years  there  was  an  increasing  reaction  to  an  un- 
sanitary environment,  he  could  spend  less  and  less  time  in  the  crowded  city, 
finally  he  had  to  leave  altogether.  One  wonders  why  Huxley  did  not 
leave  the  enervating  city  life  and  retire  to  the  good  air  of  the  country, 
as  did  Darwin.* 

What  do  we  mean  by  health  and  illhealth  and  disease?  A  man  may 
eomx>lain  of  illhealth  and  yet  not  be  diseased.  As  a  matter  of  fact,  we 
constantly  meet  iieople  who  look  the  picture  of  health,  but  on  studying 
tbem  we  find  that  they  are  always  suflPering,  yet  on  account  of  their 
iiealthy*  appearance,  they  get  no  sympathy  when  they  do  complain,  and 
so  many  do  not  complain — only  to  the  physician  who  critically  studies 
i-onditions. 

Many  of  these  individuals  are  simply  out  of  harmony  with  their  en- 
vironment. If  we  take  a  native  of  the  torrid  zone  and  put  him  in  tlie 
frigid  zone,  we  would  likely  find  him  complaining  constantly  of  the  in- 


'Charles  Darwin  reacted  to  his  environment,  after  the  manner  of  Huxley.  Some  of 
you  may  recall  my  paper  before  this  Academy  several  years  asro  in  which  I  aimed  to  brin^ 
out  this  point.  But  Darwin  lived  in  isolation  and  came  little  in  contact  with  sick  people, 
and  hit  symptoms  are  even  less  well  defined,  althouirh  he  complains  almost  constantly 
and  loses  mnch  time.  Qetting  a  lot  of  old  books  from  the  city  and  reading  them  while 
recliniiur  on  a  ooueh  are  amonsr  the  important  factors  in  Darwin's  ill  health. 
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flueueo  of  cold,  of  ii  condition  to  which  he  was  not  accustomed  nud  i)erha|)s 
wholly  iiuadapteil.  If,  on  the  other  hand,  we  take  an  inhabitant  of  the 
frigid  zone  and  put  him  in  a  warm  country,  we  would  in  all  probability 
find  another  series  of  complaints.  In  tlie  temperate  zone  wliere  there  is 
an  alteration  of  heat  and  cold,  one  might  sjiy  six  months  of  tropical  life 
and  six  months  of  arctic  life,  many  individuals  cannot  adapt  themselves 
to  this  semi-annual  change,  and  as  a  consequence  they  suffer. 

Again,  the  individual  who  has  been  brought  up  on  plain,  substantial 
food  in  the  country,  free  from  all  infectious  matter,  may  complain  greatly 
if  confined,  to  the  food  obtained  in  the  city,  which  has  passed  through 
many  hands.  The  milk  which  so  well  agreed  with  him  in  the  country  may 
be  a  veritable  poison  to  him  in  the  city;  even  the  drinking-water  may 
disagree. 

We  see  this  again  illustrated  in  the  matter  of  air  conditions.  The 
man  who  has  always  lived  under  go<Hl  air  conditions,  and  whose  ancestors 
ha\Te  lived  under  such  conditions,  may  complain  greatly  on  removal  to  a 
dirty  city  where  the  air  is  loaded  with  dust  derived  from  different  sources, 
partly  from  the  bodies  of  those  who  are  diseased.  Such  an  Individual  may 
have  a  sound  body  and  may  have  sound  health  under  his  proper  environ- 
ment, but  he  may  complain  in  the  city  simply  because  his  body  reacts  to 
the  abnormal  environment.  Thus,  If  he  inhales  much  dust,  there  may  be 
cough — nature's  way  of  getting  rid  of  offending  material.  The  dust  may 
set  up  a  profuse  flow  of  mucus,  resulting  in  so-called  catarrh — and  yet 
this  may  be  simply  a  natural  reaction  of  the  body  In  protecting  the  res- 
piratory organs  and  In  getting  rid  of  the  Inhaled  dust  particles,  which  are 
brought  up  with  the  nmcus  in  the  process  of  coughing  and  hawking.  Vari- 
ous pains  may  come  on,  yet  they  are  to  be  looked  upon  as  warnings  from 
nature — to  change  the  environment.  When  an  Individual  does  change  and 
finds  all  these  symptoms  of  lUhealth  (not  of  real  disease)  disappear, 
that  ought  to  clearly  indicate  to  him  the  conditions  under  which  he  should 
live.  If  he  persists  In  living  under  the  abnormal  environment,  we  know 
what  will  hapf)en  :  nature  Is  constantly  weeding  out  the  unadapted — a 
process  that  has  been  going  on  for  countless  ages,  and  still  continues.  The 
doctrine  of  the  Survival  of  the  Fittest  is  a  terrible  reality  from  the  stand- 
point of  the  biologist  and  physician. 

One  may  come  Into  a   new  environment  and  discover  that  there  Is 
a  non-adaptation.     The  thoughtful  man  will  see  two  courses  open ;    first. 
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to  modify  his  environment  and  make  it  fit  to  live  in;    second,  to  abandon 
the  environment  and  go  into  a  better  one. 

To  what  extent  shall  one  make  efforts  to  modify  his  environment, 
to  improve  it?  How  early  or  how  late  shall  one  abandon  efforts?  These 
are  questions  of  varying  importance  in  the  life  of  all.  There  are  many 
factors  to  be  considered.  With  some  it  is  an  easy  matter  to  'pull  up  stakes,' 
as  the  race  did  in  its  pastoral  stage.  Tlie  very  evolution  of  the  race,  from 
a  wandering  life  to  one  anchored,  so  to  speak,  to  a  city  environment  makes 
it  difficult  for  the  average  individual  to  leave  the  crowdetl  city  and  go 
back  to  the  more  primitive  (country  life.  We  need  only  read  the  pathetic 
letters  of  Mrs.  Carlyle  with  her  chronic  111  health  in  smoky  London,  but 
with  good  health  in  her  old  country  home  in  Scotland.  She  evidently 
realized  relationshii)s  and  made  many  trips  to  and  fro,  but  after  being 
accustomed  to  London  life  and  meeting  congenial  people,  it  was  next  to 
impossible  to  go  back  to  the  monotonous  life  in  the  country.  We  thus  see 
that  physically  she  needed  one  sort  of  environment,  that  of  the  pure  air 
of  the  country;  mentally  she  required  the  contact  of  kindred  minds,  to 
be  found  in  the  large  city. 


What  we  get  out  of  a  book  depends  largely  on  the  Interest  with  which 
we  take  it  up  and  on  our  previous  knowledge.  We  get  out  of  it  what  we 
put  in.  A  book  in  Greek  or  In  Science  will  be  understood  by  comi>aratively 
few,  in  contrast  to  the  many  who  read  and  understand  a  popular  novel ; 
even  *problem  novels'  are  not  always  understood.  By  observing  a  man 
turned  loose  in  a  large  library  one  can  arrive  at  certain  conclusions. 

A  biography  may  be  so  simple  that  most  any  reader  can  understand 
it  The  biography  or  life  of  a  military  man  is  full  of  descriptions  of  battles, 
best  understood  by  old  soldiers;  the  life  of  the  musician  is  apt  to  be  full 
of  technical  musical  matters  and  best  understood  by  musicians;  tfte 
scientist  best  understands  the  biographies  of  men  of  science.  The  indi- 
vidual In  chronic  illhealth  will  likely  be  the  most  appreciative  reader  of 
the  biography  of  a  man  who  had  chronic  Illhealth — and  the  physician  who 
studies  the  subject  from  a  biological  standpoint  will  likely  be  the  one 
who  not  only  appreciates,  but  understands  such  a  life  and  the  influence 
of  environment 

If  I  can  induce  some  of  you  to  read  biography  In  the  light  of  environ- 
mental influences,  especially  of  such  a  man  as  Huxley,  then  I  shall  have 
accomplished  all  I  had  in  mind  In  beginning  this  paper. 
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Felkner  Island,  Wabee  Lake,  Kosciusko   County,  Ind. 


By  J.  P.  DoLAN. 

Wabee  Lake  is  in  Kosciusko  County,  Ind.,  about  one  mile  southeast 
of  the  town  of  Milford.  A  good  description  of  its  physical  features  is 
given  by  Prof.  Blatchley  (State  Geological  Report  for  1900,  pages  186-7). 
Quoting  therefrom — "A  small  and  very  pretty  island  occurs  in  the  south- 
east of  the  lake."  When  Profs.  Ashley  and  Blatchley  visited  the  lake, 
there  was  so  little  of  the  island  above  the  water  line  that  a  title  was 
deemed  needless.  However,  the  iirotracted  drought  of  the  past  season  has 
shrnnken  the  lake  away  from  the  island,  showing  it  to  Y>e  of  suflScient 
dignity  to  bear  a  title,  temporarily  at  least. 

**Felkner"  is  the  name  of  its  former  owner  and  is  associated  with 
the  best  history  and  development  of  Milford  and  its  environment. 

The  island  at  the  highest  point  is  six  feet  above  the  lake  level  and  has 
a  dry  area  of  about  one  acre.  It  is  destitute  of  vegetation  save  for  a  few 
tufts  of  stunted  willows,  a  scraggy  sycamore  about  five  feet  high,  a  small 
patch  of  Canada  thistle  numbering  about  twenty  individuals,  and  five 
or  six  strong  stalks  of  evening  primrose  besides  a  fiew  species  of  grasses. 

Its  general  appearance  is  that  of  a  coarse,  undisturbed  gravel  bed. 
Therd  is  no  field  of  shallow  water  upon  it.  Its  sides  slope  abruptly  Into 
water  twenty-five  to  forty-five  feet  deep.  One  can  stand  at  the  water*s 
edge  and  with  an  ordinary  cane  pole  fish  in  deep  water.  This  body  of 
deep  water  extends  almost  to  the  shore  on  the  north  and  west,  while  on 
the  south  and  east  it  is  found  to  be  a  few  feet  shallower.  Taking  a  radius 
of  five  hundred  feet  and  the  island  is  surrounded  by  water  forty  feet 
deep.    Thus  Felkner  Island  is  removed  from  shore  Influences. 

In  1906  the  Sandusky  Portland  Cement  Company  which  is  operating 
a  cem^it  mill  at  Syracuse,  a  town  six  and  a  half  miles  east,  became  the 
owners  of  the  island.  To  satisfy  themselves  of  the  extent,  character,  and 
distribution  of  the  marl  and  clay  said  to  be  found  there,  a  careful  survey 
was  made  of  the  lake,  the  island,  and  the  adjoining  marshes.  The  lake 
was  cross-sectioned   at   intervals   of   100   feet.     At   these   several   points 
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thorough  tdsts  were  made  measuring  the  depth  of  water,  marl,  muck,  clay 
or  other  minerals  that  might  appear.  In  making  these  tests  a  drill 
capable  of  being  extended  to  forty  feet  was  employed. 

The  general  distribution  of  the  marl  and  other  minerals  around  the 
shore  of  the  lake  and  the  territory  adjoining  is  reported  in  the  Volume  of 
Geol.  Reports  for  1900,  fully  and  accurately. 

The  island,  as  far  as  could  be  determined,  is  a  unit  of  granular  marl. 
The  40-ft  drill  failed  to  reach  the  bottom  of  the  deposit  at  several  places. 
The  marl  is  accounted  for  by  the  presence  of  several  strong  springs  at  the 
west  end  of  the  island.  One  of  them,  about  four  inches  in  diameter,  issu- 
ing at  a  point  where  the  water  was  six  inclies  deep,  would  push  its  way 
up  intermittently  so  that  one  could  see  the  disturbance  at  the  surface 
standing  a  hundred  feet  away.  These  springs,  doubtless  have  tlieir  origin 
in  the  clay  and  gravel  hills  near  Dewart  Lake  three  miles  to  the  east 
and  bring  their  burden  of  calcium  carbonate  from  that  rich  field.  This 
theory  is  borne  out  by  the  presence  of  a  flowing  well  at  the  east  end  of 
the  lake  at  an  elevation  thirty  feet  above  tlie  level  of  Wabee.  It  flows 
strongly  through  a  two-inch  pipe  and  reliable  men  of  the  town  who  tested 
its  force  say  that  it  rose  twelve  feet  above  the  present  point  of  escape 
through  a  pipe  of  smaller  diameter.  It  is  known  that  Dewart  Lake  has 
an  elevation  of  flfty-two  feet  above  that  of  Wabee  Lake. 

The  Mollusca  found  in  the  island  deposit,  below  the  upper  portion 
thereof,  are  only  a  small  fraction  of  the  whole.  This  is  all  that  distin- 
guishes this  island  from  the  many  other  "beautiful"  spots  dotting  the  lakes 
of  Northern  Indiana,  but  it  is  a  fine  type  of  the  island  formed  by  springs. 
The  Syracuse  &  Milford  Railway  transports  the  marl  to  the  factoty,  de- 
livering daily  from  four  hundred  to  flve  hundred  cubic  yards.  The  small 
steel  cars  are  loaded  on  the  track  by  the  dredging  apparatus,  an  improved 
clam  shell  excavator  having  a  75-foot  boom.  Felkner  Island  will  be 
loaded  on  the  cars  with  the  present  dredging  machine,  pontoons  being 
employed  to  carry  up  the  train  from  the  island  to  the  shore. 

Involved  in  this  matter  of  removing  the  marl  from  the  lake  is  the 
question  of  its  effect  ui)on  the  flora  and  fauna  of  the  lake.  This  is  a 
question  which  comes  within  the  province  of  this  association.  If  an 
answer  is  desired  a  biological  survey  of  the  lake  should  be  made  at  an 
early  date. 
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A  Strange  Nurse. 


By  a.  J.  BiGNEY. 


On  June  1,  1908,  there  was  bom  on  the  farm  of  Will  H.  Sedam,  near 
Moores  Hill,  Indiana,  a  litter  of  kittens,  only  one  of  which  lived.  The 
mother  of  these  kittens  died  August  1.  The  surviving  kitten  began  to 
try  to  nurse  the  sire.  Soon  milk  began  to  flow  a  little  and  as  the  nursing 
continued  the  milk  increased  in  its  flow.  The  sire  soon  had  two  well 
develojped  nipples  doing  service.  The  kitten  lagged  a  little  in  its  growth 
for  a  while,  but  soon  was  in  good  condition  and  continued  to  do  well. 
This  is  the  first  instance  of  the  kind  that  has  come  under  my  observation. 


[&— 21868] 
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The  Shake  Dance  of  the  Quilente  Indians,  With  Dbaw- 
iNG  BY  AN  Indian  Pupil  of  the  Quilente  Day  School. 


By  Albert  B.  Reaoai*^. 


In  this  dance  the  Indians  worship  Jesus,  calling  Him  Jesus-Man,  con- 
founding him  with  Kwatte,  their  god.  This  religious  movement  hegSLU 
in  the  early  eighties.  It  is  a  compromise  between  the  old  Indian  worship 
and  Christianity.  The  former  having  been  forbidden  by  the  government, 
the  Shaker  **church"  was  organized  so  that  the  Indians  could  still  Tiave 
their  performances  under  the  constitutional  rights  granted  to  all  religious 
denominations.  And  in  this  they  have  entirely  won,  for  Judge  James 
Wickersham,  of  Tacoma,  Wash.,  fought  the  Shaker  Church  case  through 
the  courts  and  obtained  for  the  aborigines  the  right  to  worship  God  ac- 
cording to  the  dictates  of  tlieir  own  conscience. 

The  movement  began  on  the  Big  Skookum  River,  near  Shelton,  Wash., 
in  1882.  An  Indian,  John  Slocura,  was  very  sick  and  was  unconscious  for 
several  days.  Begaining  consciousness,  coming  back  to  "life"  again  as  the 
Indians  say,  he  said  he  had  been  dead  and  in  heaven,  but  that  the  keeper 
of  that  blissful  place  had  told  him  that  he  was  a  bad  Indian  and  that  he 
would  have  to  go  to  hell.  But  one  more  chance  would  be  given  him.  If 
he  would  go  back  to  earth,  lead  a  good  life  and  teach  other  Indians  to  do 
the  same,  l^e  would  in  time  be  admitted  into  the  happy  hunting  ground. 
He  at  once  began  to  preach  the  Shaker  doctrine,  exhibiting  the  power 
conferred  upon  him  by  those  above  in  a  vigorous  shaking  and  quivering 
of  all  the  muscles  of  his  whole  body.  And  all  his  followers  exhibit  their 
power  the  same  way  to  this  day. 

They  have  candles  and  usually  a  cross.  They  begin  their  services 
with  a  prayer  and  close  them  with  a  "doxology."  The  Shaker  dancing 
ceremony  which  usually  lasts  for  hours  is  a  hypnotic  performance. 

The  watchword  of  the  organization  is :  "Do  good  to  those  who  do  good 
to  you  and  get  *even'  with  those  who  mistreat  you."  And  the  guiding 
prayer  "Our  God  is  in  heaven.  If  we  die  He  will  take  our  life  to  heaven. 
Help  us  so  that  we  shall  not  die.  Wherever  we  are,  help  us  not  to  die. 
Our  Father  who  is  there,  always  have  a  good,  mind  to  us." 
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In  the  iierfonnauee  contiuuous  baud  bells  are  rung  to  tbe  time  of 
the  cbant  "Hi,  hi,  hi,"  etc.  The  dancers  jump  up  and  down  to  tbe  time  of 
tbe  "music."  Tbe  faces  of  all  tbe  actors  become  hideously  distorted.  Tbe 
<iuivering.  trembling,  twisting,  writhing  bands,  wave,  whirl,  gyrate  In  all 
directions  till  tbe  scene  reminds  one  much  of  the  demons  in  tbe  "inferno" 
dancing  over  a  lost  soul.  And  tiie  simple-hearted  Indians  believe  that  in 
this  i^erformance  they  are  worshiping  tbe  most  high  -God. 

Below  is  a  copy  of  the  Quilente  Shaker  organization,  creed,  etc.,  taken 
from  tbe  "Quilente  Independent,"  the  only  paper  in  Washington  pub- 
lished by  an  Indian  (W.  H.  Hudson)  : 

PREAMBLE. 

In  order  to  form  a  more  perfect  union  and  to  secure  recognition  of 
our  rights  under  the  Constitution  of  the  United  States,  to  worship  God 
according  to  our  conscience,  We,  tbe  delegates,  from  the  Shaker  Sects  of 
LaPush.  in  conference  assembled,  do  hereby  organize,  ordain  and  establish 
the  Shaker  Church. 

OBJECT. 

Our  object  is  to  teach  tbe  Gospel  of  Jesus  Christ,  and  to  forward 
His  Kingdom  among  tbe  Indian  race;  to  fight  against  the  evils  of  intem- 
perance, which  we  believe  to  be  a  detriment  to  the  advancement  of  our 
race;    to  the  pursuits  of  civilization  and  Christian  living. 

ABTICLES   OF   FAITH. 

1.  We  believe  In  God  tbe  Father,  Jesus  Christ  tbe  Son,  and  tbe  Holy 
Spirit,  tbe  Three  in  One. 

2.  We  believe  that  tbe  Shaker  movement  was  a  dispensation  of  Al- 
mighty God  to  His  Indian  Children,  to  tbe  end  that  they  may  see  with 
spiritual  eyes,  their  evil  ways,  and  to  point  our  way  to  salvation  through 
Jesus  Christ  the  Son. 

3.  We  believe  that  Jesus  Christ  has  the  power  to  forgive  sins  on 
earth.  ! 

4.  We  believe  that  God  hears  our  prayers  for  the  sick,  and  that  if 
we  pray  and  believe,  He  will  heal  us  of  our  physical  ailments. 

COVENANT. 

1.  We  promise  to  support  the  Church  in  all  tbe  ways  that  we  can. 
spiritually  and  temporily. 
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2.  We  promise  to  accept  the  Shaker  Religion,  aud  hereby  consecrate 
our  time,  our  taients,  our  aii  to  its  maintenance. 

3.  We  promise  to  abstain  from  use  of  all  Intoxicating  liquors. 

We,  the  members  of  this  church,  in  view  of  the  solemn  promises  you 
have  made,  do  promise  to  help  and  sustain  you  in  your  efforts  to  live  a 
better  life. 

4.  We  promise  to  pray  for  you,  that  God  in  His  Infinite  Goodness,  may 
make  you  aud  us,  worthy  to  walk  in  His  footsteps,  looking  torward  unto 
the  day  when  we  all  stand  before  His  Judgment  Seat,  equals  with  all 
men,  and  hear  the  words,  "Come  ye  blessed  of  my  Father,  inherit  the 
Kingdom  prepared  for  you  from  the  foundation  of  the  world."     Amen. 
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Photographic  Observations  of  Morehouse's  Comet. 


By  W.  a,  Goqshall. 


CJomet  c  1908  was  found  on  a  plate  taken  at  the  Yerkes  Observatory 
on  September  Ist  and  has  been  so  situated  as  to  allow  observation  from 
any  point  In  the  northern  hemisphere  for  several  hours  each  night. 

Most  of  the  comet»,  during  the  time  they  are  visible  to  us,  are  In 
nearly  the  same  direction  from  us  as  the  sun,  and  so  are  seen  only  for  a 
short  time  before  sunset  in  the  evening,  or  before  sunrise  in  the  early 
morning. 

Comet  c  had  a  higli  northern  declination  when  found,  and  afterward 
passed  within  about  16  degrees  of  the  north  pole  of  the  sky,  so  that  during 
this  time  it  was  visible  all  night  As  a  result  continuous  records  were 
secured  through  several  hours,  from  the  time  it  became  dark  In  Europe 
till  daylight  in  California. 

These  records  show  beyond  doubt  what  has  been  indicated  by  several 
other  comets — that  the  tall  Is  composed  of  matter  driven  off  by  the  action  of 
the  sun  from  the  head  of  the  comet,  and  that  the  velocity  of  motion  of  these 
particles  In  the  tall  Is  such  tliat  practically  a  new  tall  Is  formed  each  day. 

While  this  comet  was  not  very  bright  visually,  it  photographed  very 
quickly,  exposures  of  an  hour  with  a  short  focus  lens  showing  from  6 
degrees  to  10  degrees  extension  of  tall,  and  It  also  showed  unusual  and 
sudden  changes  In  the  details  of  its  tall. 

The  most  prominent  of  these  are  shown  In  the  accompanying  photo- 
graphs. 

The  first  of  these  happened  on  September  30th.  The  photograph  of 
September  29th  shows  nothing  unusual  In  the  appearance  of  the  comet, 
but  the  next  plate  whose  mid-exposure  time  was  September  30th.  11  hours, 
shows  a  great  change  in  the  size,  direction,  and  general  character  of 
the  tall.  This  change  began  during  the  afternoon  of  September  30th,  and 
by  early  morning  following  had  produced  the  appearance  shown  in  the 
plate  of  September  30th,  14  hours.  45  minutes. 

The  great  cloud-like  mass  of  tail  moved  away  from  the  head  of  the 
comet  at  a  rate  of  about  20  miles  per  second,  and  on  the  next  evening 
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(See  plate  Oc*tober  1st,  11  hours,  00  minutes)  was  at  a  considerable  distance 
from  the  head,  and  connected  with  it  by  very  faint  and  straight  streamers. 

On  plate  October  2d.  10  hours,  30  minutes,  it  is  visible  still  farther 
away,  and  much  fainter,  and  the  new  tail  near  the  head  of  the  (*omet  is 
beginning  to  assume  its  usual  form. 

The  next  great  disturbance  took  plact*  on  Octobt»r  loth.  The  night  be- 
fore, the  comet  was  quite  normal  in  appearance,  as  shown  in  plate  October 
14th,  10  hours,  but  on  October  15th,  8  hours,  a  great  puflP  or  explosive  action 
is  shown. 

On  the  next  plate  of  the  same  night  this  is  shown  at  a  greater  dis- 
tance from  the  head,  and  of  a  little  difTerent  form,  measurement  of  the 
plates  giving  velocities  as  high  as  70  miles  i»er  8«»ond. 

The  plate  of  November  15th,  6  hours.  15  minutes,  shows  the  comet  dar- 
ing the  latter  part  of  its  time  of  visibility,  and  when  it  could  be  aeeo  for 
only  an  hour  or  two  before  setting,  and  shows  a  great  variety  of  detail  in 
the  streamers  and  condensation  in  the  tail,  all  of  which  were  invisible  in 
any  tele8co[H?.  and  were  known  only  through  photography. 

About  seventy-five  plates  of  the  (?omet  were  secured  in  all,  and  gave 
a  fairly  complete  history  of  it  from  September  2l8t  to  December  1ft 
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Field  Observations  on  Rusts  fob  the  General  Botanist. 


By  J.  C.  Abthub. 


(Abstract). 

The  polymorphic  character  of  many  species  of  rusts,  together  with 
the  discontinuous  growth  between  the  forms  of  most  of  such  species,  and 
the  further  fact  that  some  species  live  upon  unitize  hosts  at  different  stages 
of  their  life  cycle,  make  the  study  of  the  rusts  unusually  attractive  for 
those  who  enjoy  a  varied  problem.  A  very  important  part  of  the  field 
observation  consists  in  later  visits  to  the  spot  where  a  rust  has  been  found 
in  order  to  ascertain  if  it  is  followed  by  another  form  of  the  same  species 
either  on  the  same  host  or  on  a  host  of  some  other  kind.  In  either  case, 
but  especially  the  latter,  a  suitable  specimen  of  the  rust  may  be  taken  to 
a  locality  where  it  does  not  occur  and  placed  beside  a  healthy  plant  of 
the  kind  observed.  It  is  then  watched  to  see  if  the  rust  Infects  the  healthy 
plant.  If  it  does,  tlie  correctness  of  the  inference  from  the  first  observation, 
that  the  two  forms  of  rust  found  to  succeed  each  other  in  the  same  locality 
belonged  to  the  same  species,  is  established.  But  If  the  healthy  plant  does 
not  become  Infected,  either  the  two  forms  found  in  the  original  locality 
belong  to  distinct  species  and  only  incidentally  happen  to  follow  one 
another,  or  else  the  sowing  of  the  rust  in  the  new  locality  was  not  well 
done.  In  either  case  further  trials  and  observations  are  required.  There 
are  many  variations  to  the  inferential  and  deductive  reasoning  required 
to  solve  these  problems,  and  to  come  to  a  conclusion  rei>eated  observations 
may  be  required  extending  over  many  months  or  even  years. 
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The  Rust  of  Timothy. 


By  Fbank  D.  Kebn. 


(Abstract). 

This  paper  discusses  the  importance  of  timothy  rust,  showing  that  it 
is  seemingly  increasing  in  distribution.  The  results  of  an  investigation 
concerning  its  identity  and  nature  are  given,  followed  by  a  brief  state- 
ment of  what  may  be  expected  from  it  in  the  future. 
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On  the  HETEROECioirs  Plant  Rusts  of  Indiana. 


By  Aaron  G.  Johnson. 


In  the  study  of  any  organism,  a  knowledge  of  its  life  history  is  one 
of  the  things  of  first  interest.  Particularly  is  this  true  in  the  study  of  the 
heteroecious  plant  rusts,  exhihiting,  as  they  do,  alternating  phases  on 
entirely  dllTerent  host  plants.  The  complexity,  which  these  plant  parasites 
present,  adds  varied  interest  to  their  study,  although  the  same  complexity 
offers  abundant  obstacles  in  determining  the  connection  of  the  various 
forms. 

It  is  the  puri>ose  of  this  paper  briefly  to  show  what  has  been  done 
in  the  way  of  connecting  forms  represented  in  the  State,  and  what  re- 
mains to  be  done  in  this  particular  line.  In  presenting  the  unattached 
forms,  particularly  tlie  unattached  aecla,  it  is  hoi>ed  to  help  engage  the 
interest  of  others  in  assisting  in  any  way  ix)ssible  in  i>roperly  connecting 
up  these  forms.  The  thr€»e  lists  given  below  show  resi)ectlvely  tlie  con- 
nected forms,  with  the  authorities  and  dates  of  connection  for  each 
species,  the  unattachetl  telial  forms,  and  lastly  the  unattached  aecial 
forms.  The  first  two  tables  are  bdsed  on  Dr.  Arthur's  Revised  List  of 
Indiana  Plant  Rusts  (Proc.  Ind.  Acad.  Sci.  for  1903.)  For  convenience, 
the  familiar  genus  nani(»s  Vromyvcn  and  Fuccinia  are  used,  the  species 
names,  as  far  as  possible,  l)eing  revised  to  date.  Tlie  third  table  is  based 
on  specimens  in  Dr.  Arthur's  herbarium,  as  are  also  the  aecial  forms  ap- 
pearing in  tlie  first  table  which  have  been  connecte<i  up  since  the  pres- 
entation of  Dr.  Arthur's  list.  For  host  names  Britton's  Manual  (2nd.  Ed.) 
is  followed.  The  sincere  gratituile  of  the  writer  is  here  expressed  to  Prof. 
J.  C  Arthur  for  access  to  his  very  valuable  herbarium  as  well  as  to  his 
extensive  library.  Most  able  assistance  was  also  given  throughout  by 
both  Dr.  Arthur  and  Mr.  F.  I).  Kern,  for  which  the  writer  is  very  greatly 
obliged. 

The  life  histories  of  thirty-four  species  of  heteroecious  rusts  repre- 
sented in  Indiana  are  now  known.  The  aecial  stage,  however,  of  nine 
of  this  number  is  not  known  to  occur  within  the  State.     In  some  cases 


88 

It  may  have  been  inissrd  by  collectors,  as  on  Larix,  for  example,  and  may 
subsequently  be  found;  in  others,  however,  it  is  doubtful  if  the  aecial  stage 
occurs  here.  In  this  case  the  si)ecies  doubtless  dei^ends  entirely  ujwn  its 
ureiliniosi>ores  for  reinfection  of  its  host  from  year  to  year.  Such,  for 
instance,  is  no  doubt  the  case  with  the  Poa  rust  (P.  epiphffUa)  and  the 
leaf  rust  of  cereals  and  certain  jjrasses  (J*.  Rnhino-rera). 

In  view  of  these  facts  it  seems  very  doubtful  that  all  of  tlie  sixteen 
still  unattached  telial  forms  in  the  State  have  their  respcvtive  aecia  here. 
In  the  first  place,  only  nine  unattacheii  aecia  are  reported  for  the  State, 
though  others  may  oc*cur.  In  the  si'coud  place,  and  appaix^itly  much  the 
better  reason  for  the  inferen(H».  of  the  thirty-four  comiected-up  spe<*ies 
previously  mentioned,  only  twenty-five  have  their  aecial  forms  reported 
for  the  State,  while  all  of  the  connected-up  ae<*ial  forms  reiwrted  for  the 
State  have  their  telial  forms  here  also.  This  latter  beinp  very  natural  to 
suppose  for  tlie  teliospores  are  not  readily  transporteil  l)y  the  wind  or 
otherwise,  and  the  sporidia,  which  give  the  aecial  infection,  are  very 
perishable  and  entirely  incapable  of  beiu-^  blown  very  great  distances  and 
still  remain  viable.  Hence  there  seems  little  if  any  question  but  that 
some  unattached  telial  forms  come  into  the  State  by  uredinial  infections, 
and  are  thus  kept  up  through  the  st^ason  and  possibly  even  from  season 
to  season  in  some  cases.  The  aecia  l)elonging  to  such  forms  may,  there- 
fore, be  far  distant. 

This  condition,  then,  centers  (mr  interest  in  connecting  unattached 
forms,  largely  on  the  unattached  aecia.  For  of  necessity,  their  resiiectlve 
alternate  forms  must  be  somewhere  in  the  immediate  vicinity  of  their 
occurrence,  except  in  the  few  cases  where  tiie  aecial  mycelium  is  peren- 
nial, in  which  cases  the  forms  may  become  somewhat  separated.  By  care- 
fully searching  for  and  finding  unattadicd  telial  forms,  especially  near 
w^here  the  unattached  aecia  occur  in  abundance,  clews  may  often  be  ob- 
tained that  may  ultimately  lead  to  proof  of  the  genetic  relationship  of 
such  forms. 

The  tables  are  as  follows: 
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TELIAL  FORMS  WHOSE  AECIAL  CONNECTIONS  ARE  UNKNOWN. 


Coleosporium  Ipomoeae  (Schw.)  Burr. 
Coleosporium  Vernoniae  B.  &  C. 
PucciDiastrum  Agrimoniae  (DC.)  Diet. 
Pucciniastrum  Hydrangeae  (B.  *&  C.)  Arth. 
Urorayces  graminicola  Burr. 
Uromyces  Rynchosporae  Ellis 
Uromyces  pcrigynius  Halst. 
Puccinia  Ellisiana  Thuem. 
Puocinia  emaculata  Schw. 
Puccinia  Mulilenbergiae  A.  &  H. 
Puccinia  vexans  Farl. 
Puccinia  Melicae  Syd. 
Puccinia  apocrypta  E.  &  T. 
Puccinia  Dulichii  Syd. 
Puccinia  vulpinoidis  D.  &  H. 
Puccinia  ludibunda  E.  &  E. 


on  Ipomoea  pandurata. 

on  Vernonia  spp. 

on  Agrimonia  spp. 

on  Hydrangea  arborescens. 

on  Panicum  virgatum. 

on  Rynchospora  alba. 

on  Carex  virescens. 

on  Andropogen  scoparius. 

on  Panicum  capillare. 

on  Muhlenbergia  spp. 

on  Atheropogon  curtipendulus. 

on  Melica  difTufia. 

on  Hystrix  Hystrix. 

on  Dulichium  arundinaceum. 

on  Carex  vulpinoidea. 

on  Carex  sparganioides. 


AECIAL  FORMS  WHOSE  TELIAL  CONNECTIONS  ARE  UNKNOWN. 


Aecidium  sp. 

Aecidium  sp. 

Aecidium  Dicentrae  Trel. 

Aecidium  sp. 

Aecidium  Napaeae  Arth. 

Aecidium  hydnoideum  B.  &  C. 

Aecidium  Polemonii  Pk. 

Aecidium  Physalidis  Pk. 

Aecidium  Compositarum  Ambrosiac  Burr. 


on  Syndesmon  thalictroides 
(Rue  Anemone). 

on  Anemone  Viiiginiana 
(Tall  Anemone). 

on  Bicuculla  cucullaria 

(Dutchman's  Breeches). 

on  Euphorbia  commutata 
(Tinted  Spurge). 

on  Napaea  dioica 
(Glade  Mallow). 

on  Dirca  palustris 
(Leather- wood). 

on  Polemonium  reptans 
(Greek  Valerian). 

on  Physalis  heterophylla 
(Ground-cherr}')- 

on  Ambrosia  trifida 
(Great  Ragweed). 
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Some  Anomalies  in  the  Female  Gametophyte  of  Pinus. 


By  D.  M.  Mottikr. 


The  object  of  this  note  is  to  call  attention  to  some  i)eculiarities  in 
the  number  and  arrangement  of  archegonia  and  to  certain  other  anomalies 
similar  in  character  to  those  reported  for  the  same  and  other  8i>ecie8  of 
Pinus.  In  her  excellent  and  elaborate  paper  on  the  life  history,  etc.,  of 
Pinus,  Miss  Ferguson  has  directed  attention  to  a  number  (9)  of  archegonia 
arranged  along  the  top  and  sides  of  the  endosperm  of  Pinus  montana  uur 
cinata,  together  with  other  peculiarities  regarding  the  number,  origin  and 
position  in  other  si^ecies  (Proc.  Washington  Acad.  Sci.,  6:    1-202,  1904). 

In  the  work  of  a  class  of  advanced  students  studying  the  gametophyte 
and  embryogeny  of  Pinus,  a  number  of  i>eculiarities  mentioned  in  the  fol- 
lowing have  been  found  to  be  of  rather  frequent  occurrence.  In  Pinus 
austriaca  (a  form  of  P.  laricio  frequently  cultivated),  several  instances 
were  observed  in  which  a  group  of  archegonia  occurred  at  the  chalazal 
end  of  the  endo8i)erm  in  addition  to  the  group  normally  at  the  top  or 
micropylar  end.  In  addition  to  this  a  few  cases  were  found  in  which  a 
third  group  of  archegonia  was  present  at  one  side.  Among  those  ovules 
in  which  a  group  of  archegonia  was  present  at  either  end,  one  case  is 
especially  of  note  in  which  a  total  of  eleven  archegonia  was  present, 
two  near  the  micropylar  and  nine  at  the  dialazal  end  of  the  gametophyte. 
The  two  near  the  micropylar  end  were  not  directly  at  the  top  but  at  oppo- 
site sides  of  that  end.  The  nine  at  the  chalazal  end  were  arranged  in 
groups  of  three  each.  One  group  of  three  was  at  the  end,  the  others  be- 
ing more  deeply  sesited.  The  second  three  were  just  beyond  the  first  and 
a  little  to  the  right,  while  the  third  group  was  beyond  the  second,  though 
somewhat  to  the  left.  In  the  majority  of  cases  here  under  consideration 
the  collections  were  made  before  the  archegonia  were  mature,  the  ventral 
canal  cells  not  having  been  formed.  Four  of  the  archegonia  near  the 
chalazal  end  had  fused  in  pairs,  a  cytoplasmic  union  having  taken  place 
at  the  contiguous  sides.  This  was  made  possible  by  the  absorption  of 
several    sheath,   or   jacket,    cells   separating    the    archegonia.    The    three 
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groups  were  separated  from  each  other  by  a  layer  of  tissue  from  one  to 
three  cells  in  thickness.  The  central  cells  of  two  of  the  archegonla  of 
the  end  group  had  fused  at  the  outer  ends  only,  although  the  sheath  cells 
had  entirely  disapiK»ared  along  the  contiguous  sides,  leaving  only  a  deli- 
cate line  between  the  plasma  membranes  of  the  slightly  shrunken  cells. 
No  nuclear  fusions  had  taken  place.  Near  each  of  these  several  arche- 
gonla one  or  more  sheath  cells  had  begun  to  bud  out  apparently  to  form 
archegonia  as  figured  by  Miss  Ferguson  (I.e.,  Fig.  265).  In  several 
preparations  showing  one  or  more  of  the  anomalies  herein  mentioned,  the 
enlargement  of  one  or  more  of  the  sheath  cells  was  of  frequent  occurrence. 
These  enlarging  cells  possessed  each  a  large  nucleus  and  a  dense  cytoplasm, 
showing  that  they  were  being  well  nourished.  In  one  ovule  presenting 
a  group  of  archegonia  at  each  end  of  the  endosperm,  two  large  cells  very 
poor  in  cytoiilasm  and  about  one-third  the  size  of  the  normal  archegonia 
lay  between  a  normal  archegonium  and  the  end  of  the  gametophyte  at  the 
chalazal  extremity.  From  all  api>earances  they  had  developed  from 
sheath  cells.  They  were  not  surrounded  by  jacket  cells,  hence  their  sparse 
cytoplasm. 

Of  this  class  of  anomaly,  namely,  the  presence  of  archegonia  at  oppo- 
site ends  of  the  gametophyte,  a  few  cases  were  observed  In  which  there 
were  three  separate  groups,  one  at  each  end  and  one  at  one  side  nearly 
midway  between  the  extremities.  In  another  instance  the  nucleus  of  the 
central  cells  had  divided,  tlie  two  daughter  nuclei,  which  were  well  formed, 
lying  in  contact  side  by  side.  In  this  ovule  all  archegonia  were  immature; 
the  ventral  canal  cells  wx*re  not  formed,  and  there  was  no  fusion  of  the 
central  cells.  The  two  nuclei  must,  therefore,  have  been  formed  by  the 
division  of  the  nucleus  of  the  central  cell. 

A  second  class  of  anomaly  was  observed  in  a  single  instance.  It  was 
the  pres<^'nce  of  a  i>ollen  tube  containing  sui)ernumerary  nuclei.  This  tube 
had  grown  down  prematurely  along  one  side  of  the  endosperm  and  had 
just  begun  to  indent  the  latter.  The  tube  c<aitained  the  tw^o  male  nuclei 
surrounded  by  the  cytoijlasm  of  the  body  cell,  together  with  about  twelve 
other  nuclei  varying  gnsitly  in  size.  The  largest  of  these  nuclei  were 
about  the  size  of  the  male  nu<lei  or  larger.  Their  structural  details 
were  sharp  and  distinct :  each  contained  a  very  distinct,  but  delicate, 
nuclear  net  with  two  or  more  relatively  small  nucleoli.  In  the  same  ovule 
another  iK)llen  tube  had  traversed  about  two-lifths  of  its  way  down  through 
the  nucellar  tissue.     In   this  ovule  archegonia   were  present  at  each  end 
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of  the  gt'iinetophyte.     These  organs  were  not  inatiirc*;  the  adult  size  had  not 
been  attained  nor  were  the  ventral  oanal  cells  cut  off. 

A  third  kind  of  peculiarity  was  observed  in  two  instances  in  which 
three  archegonia  formed  a  group  at  the  gecunetrical  center  of  the  endo- 
sr>erm.  There  was  no  sheath  layer  betw(vn  adjacent  sides  of  their  central 
cells,  but  on  all  other  sides  they  were  surrounded  by  the  typical  jacket 
layer.  In  one  archegoniuni  of  this  grouj)  a  viMitral  canal  ceil  was  in 
process  of  formation ;  the  other  two  wen»  younger.  No  canal  or  oi>ening 
leading  to  the  surface  of  the  ganietoj^hyte  could  be  made  out.  neither  were 
any  necks  distinguishable  in  conneition  with  these  nor  with  many  other 
cases  mentioned  in  preccniing  jiaragraphs. 

A  fourth  peculiarity  to  be  recorded  is  the  premature  arrival  of  the 
end  of  the  pollen  tube*  at  the  arclu'gonium.  In  two  different  cases  out  of 
the  material  used  the  pollen  tube  had  reached  an  archegoniuni  in  which 
the  ventral  canal  cell  had  not  been  formed,  nor  had  these  organs  attained 
their  adult  size.  In  one  of  these  instances  thc»  tube  had  actually  pene- 
tratefl  the  archegoniuni,  but  had  not  discharged  its  contents. 

Of  the  number  of  ovules  of  Pin  an  austriara  in  the  collection  from  which 
these  anomalies  were  found,  about  one-tenth  showed  archegonia  in  either 
end  of  the  endosperm.  A  few  anomalies  similar  to  those  were  observed 
in  Pinus  viryiniana.  In  this  paper  tin*  author  has  endeavored  only  to 
record  the  facts  as  observed,  reserving  a  discussicui  of  their  probable  sig- 
nificance until  more  data  will  have  been  collected. 
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Notes  on  the  Native  Seedless  Persimmon. 

(Prelimimiry  Report.) 


By  William  L.  Woodbubn. 


In  the  vicinity  of  Indiana  University  tliere  are  a  number  of  persim- 
mon trees  (Diospyios  Vinjiniana  L.)  wiiich  during  tlie  year  1908  bore 
large  numbers  of  seedless  fruits.  No  single  tree,  however,  was  found  which 
bore  only  seedless  berries,  while  four  or  five  bore  fruits  nearly  all  of  which 
contained  seeds.  The  size  of  the  seedless  berries,  their  distribution  on  the 
tree,  the  time  of  ripening  and  their  flavor  as  compared  with  those  contain- 
ing seeds  was  noted.  A  preliminary  study  of  the  embryology  of  the  per- 
simmon was  also  made.  Entire  ovaries  were  fixed  in  chromic-acetic  acid 
and  embedded  in  paraflln  for  sectioning,  and  later  as  the  ovaries  hardened 
ovules  were  similarly  prei)ared.  As  later  developments  showed,  the  ma- 
terial was  taken  from  a  part  of  the  tree  which  bore  for  the  most  part 
seedless  berries,  so  that  the  development  of  the  embryo  was  not  observed. 
This  led  to  a  careful  observation  of  the  distribution  of  the  seedless  per- 
simmons on  the  tree. 

As  the  persimmons  matured  it  was  note<l  that  the  lowest  branches 
of  the  tree  from  which  the  material  was  collected  bore  mostly  seedless 
fruits,  while  somewhat  higher  were  a  few  with  se<Hls,  and  in  the  top  of 
the  tree  the  majority  contained  seeds.  The  seedless  fruits  on  this  tree 
were  somewhat  smaller  than  those  containing  seeds.  Another  tree  younger 
than  the  one  just  mentioned  bore  throughout  the  branches  berries  with 
and  without  seeds,  although  more  8eedl<»ss  below  than  above.  On  this 
latter  tree  there  were  many  seedless  fruits  quite  as  large  as  the  others. 

TWie  following  questions  naturally  arise:  Why  did  one  tree  produce 
persimmons  on  the  lowest  branches  which  were  practically  all  seedless, 
while  the  majority  on  the  upi)er  part  produced  seeiis?  Did  fertilization 
def>end  on  the  transfer  of  pollen  from  some  other  tree  Iwaring  only  stami- 
nate  flowers,  since  all  the  flowers  examined  contained  sterile  stamens,  but 
these  were  from  a  part  of  the  tree  which  l)ore  only  seedless  berries?  Or 
were  there  perfect  flowers  present  which  produced  all  the  fruits  containing 
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seeds?  Is  pollination  necessary  for  tlie  production  of  a  well-flavored  and 
good-sized  fruit?  Is  the  absence  of  mature  seeds  due  only  to  the  lack  of 
fertilization? 

In  regard  to  tlie  first  question  obst^rvations  have  been  made  which 
answer  it  only  in  part.  At  tlie  time  of  flowering,  which  occurs  about  the 
last  of  May  and  the  first  of  June,  ovules  were  prei)ared  for  sectioning 
from  the  lower  part  of  tlie  first  tree  already  referred  to.  No  difference 
was  noted  among  the  flowers,  although  those  in  the  upix^r  part  of  the  tree 
were  not  examined.  The  flowers  from  the  lower  part  so  far  as  noted  bore 
a  well-developed  i>istil  but  sterile  stnmens.  Sections  through  the  ovaries 
of  these  flowers  showed  occasionally  a  well  developed  embryo  sac,  but  in 
some  instances  complete  embryo  sacs  were*  not  observed.  Quite  often  the 
'antipodal  cells,  part  of  the  egg  apparatus  or  the  polar  nuclei  seemed  to 
be  lacking.  Difliculties  in  staining  due  to  the  presence  of  tannin  in  cer- 
tain parts  of  the  ovary  may  have  been  resiwnsible  for  this  apparent  con- 
dition. The  polar  nuclei  were  found  several  times  in  an  early  state  of 
fusion,  but  further  than  this  there  were  no  evidences  of  endosperm  or  em- 
bryonal development  in  any  part  of  the  embryo  sac.  The  contents  disor- 
ganize and  small  aborted  seeds  which  often  occur  seemed  to  be  due  merely 
to  a  slight  growth  of  the  integuments.  There  were  no  evidences  noted  of 
either  fertilization  or  pollination  having  taken  place. 

As  regards  the  transfer  of  pollen  from  staminate  trees,  the  latter  are 
not  known  to  exist  within  three  or  four  miles  of  the  tree  in  question. 
Whether  bees  carry  pollen  to  this  tree  from  a  distance  has  not  been  ob- 
served. If  the  tree  bears  in  part  perfect  flowers,  which  has  not  yet  been 
determined,  this  may  account  for  the  production  of  seeds  in  hovoh  fruits 
and  not  in  others.  The  flowers  so  far  as  examined  contained  only  sterile 
stamens.  If  no  perfect  flowers  are  present  the  question  as  to  the  absence 
of  seeds  being  due  to  the  lack  of  fertilization  l>ecomes  of  some  import. 

While  the  seedless  berries  on  this  tree  were  nearly  all  small,  on  a 
second  tree  seedless  fruits  were  found  quite  as  large  as  the  others,  the 
flavor  in  each  case  being  quite  as  good  if  not  better,  since  the  seedless 
fruits  as  a  rule  have  less  of  the  astringent  quality  so  characteristic  of 
most  persimmons  until  thoroughly  ripe  and  which  often  persists  even 
then.  Whether  the  large  size  of  the  persimmon  with  seeds  is  due  to  the 
influence  of  fertilization  or  to  some  native  quality  of  the  pistillate  flower 
has  not  been  discovered. 

The   Industrialist    (No.   20.    March,    1904,    Kansas   State   Agricultural 
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Collejre)  figures  and  describes  imperfect  stamlnate  flowers  as  borne  on 
separate  trees  from  those  bearinjr  i)erfe(t  flowers.  Among  the  i)erfect 
flowers  on  the  snme  tree  are  sometimes  bftrne  imperfect  pistillate  flowers. 
From  the  jierfect  flowers  and  the  imixTfecr  pistillate  flowers  similar  fruits 
ripened,  but  no  (K-currence  of  seedless  fruits  was  noted.  Purdue  University 
Agricultural  ExiH»riment  Station  Bulletin  No.  00  reports  two  or  three 
varieties  of  seedless  persimmons  which  had  been  sent  into  the  station. 

A  second  trei*  already  referred  to  bore  mainly  seedlss  fruits.  In  the 
upi)er  part  of  the  tree  about  75%  of  the  i)ersinnnons  and  in  the  lower  part 
probably  about  S0%  were  sei^dless.  Sometimes  an  entire  picking  (the 
fruits  do  not  all  riiKni  at  the  same  time)  would  be  stM»dless.  These  i>ersim- 
mous  were  excellently  flavored,  of  a  good  size,  and  usually  ripened  earlier 
than  those  with  seeds.  The  seedless,  how^ever,  do  not  always  ripen  earlier, 
for  some  of  the  greenest  on  the  tn^.  after  riiHMiing  had  begun,  were  found 
to  be  seedless.  On  the  other  hand,  the  earliest  riiK?  were  always  seedless, 
one  having  been  found  on  August  20th  rii)e  and  well  flavored  but  rather 
small. 


[8—21363] 
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Testing  Seed  Corn  by  Specific  Gravity 


By  Hebbert  A.  Dunn. 


The  corn  of  our  native  Indians  as  fonnd  by  tlie  first  settlers  in  tliis 
conntry  was  small  in  size  and  of  an  inferior  quality.  The  white  man  real- 
izc»d  the  possibilities  of  this  new  com  and  at  once  began  to  select  and  im- 
[)rove  it.  This  lias  been  a  slow  pro<*ess,  and  more  improvement  has  prob- 
ably been  made  in  the  last  jreneration  than  in  all  the  years  preceding. 
The  a\ierage  yield  in  the  United  States  for  the  decade  ending  in  1875,  ac- 
cording to  J.  W.  T.  Dnvel,  assistant  in  the  seed  laboratory,  Bureau  of 
Plant  Industry,  Washington,  was  2r».(i7  bushels  per  acre,  and  the  yield  for 
the  decade  ending  in  1JK)5  was  25.2  bushels:  the  largest  yield  in  any  one 
year  was  in  190<i,  30.3  bushels  i)er  acre. 

During  the  year  1907  practically  one  hundred  million  acres  were 
planted  in  the  United  States,  requiring  sixteen  and  a  half  million  bushels 
of  setHl.  Observation  has  shown  that  20%  of  this  seed  does  not  germinate, 
the  chief  reason  for  this  being  carelessness  in  selecting  and  caring  for  the 
seed  corn. 

The  yield  will  depend  on  the  vitality  of  the  seed  and  on  contingency 
of  the  weather  and  soil  and  cultivation.  In  years  i)ast  corn  has  been 
plante<l  with  little  thought  of  the  ty\H^  of  grain  and  germinating  power; 
often  only  a  random  test  was  made  by  the  aid  of  a  pocket  knife.  Ex- 
perienced farmers  say  that  this  is  a  fairly  good  test  but  exi)eriment  sta- 
tions rely  on  and  advocate  the  germinating  test.  Both  of  these  tests  re- 
quire much  time. 

Since  the  yield  is  largely  dei)endent  on  the  quality  of  the  seed  corn, 
a  comparati\'ely  simple  and  efhcient  si»ed  test  is  very  desirable. 

One  day  I  accidentally  dropjx'd  some  kernels  in  a  basin  of  water.  I 
noticed  that  the  majority  of  the  kernels  lay  flat  on  the  l)ottom,  while 
some  stcKxl  on  end,  and  on  examining  the  latter  they  wen*  found  to  be 
shriveletl  on  the  germ  end,  or  had  blisters.  This  gave  me  an  idea  of  using 
a  specific  gravity  test,  for  it  must  l>e  evident  that  by  incixs-ising  the  density 
of  the  .solution  the  light  kernels  would  rise  to  the  top.  The  (piestion  arose: 
What  should  be  added  to  the  water  that  is  both  harmless  and  cheap?     1 


104 

cl(M'i<l<*(l  on  j^liico«»,  cMio  part  of  glucose  to  tbrcv  of  water,  Sp.  (Jr.  1.21.  In 
tliis  mixtnn*  tin*  liirht  ktTiH»ls  raiiio  to  the  top.  1  thus  hail  light  and  heavy 
krnicls,  and  witli  those  I  experimented  as  follows: 

/•'irst  Ti'tft. — 'MH)  kernels  were  taken  from  every  other  row  of  an  ear 
that  test(Ml  "^iocMl"  in  the  usual  "s<H»d  box"  germinating  test:  I^t  1.  300 
kernels  from  the  alternating  rows  w^'re  divideil  into  two  h)ts  by  the  8i>eciflc 
gravity  test;  lot  2  sliowed  208  heavy  grains:  lot  3,  42  light  grains.  (Lot 
1  was  not  put  in  solution.)  Tlie  vitality  of  tht^^  three  lots  was  deter- 
mined by  testing  in  a  1k>x,  under  identical  conditions. 

OEKMINATIXO    RESULTS. 

Lot  1   (30<)  grains) 8(»%  germinated 

Lot  2  ( lieavy  Ivornels) 89%  germinated 

Lot  3  (light  kernels) G9%  germinated 

i^evond  Tent. — lUO  ki*rnels  w<Te  taken  from  an  ear  which  showed  a 
germinating  test  of  4  dead  ki'rnels  and  1  weak  out  of  5  (the  usual  test 
number  being  5).  Tlicse  kernels  wen*  separate<l  by  the  specific  gravity 
test  and  testi»d  as  before. 

GERMINATING    RESl'LTS. 

Of  \\w  (IS  heavy    kernels 47%     germinatiil 

Of  the  32  light   kernels    15i%  germinated 

Third  Test. — 100  kernels  w<Te  taki'u  from  two  cars  which  showed 
"extra  strong"  in  the  germinating  test.  They  were  separateil  by  the  »|»ecific 
gravity  test,  which  uavc  .i  high  percentage  of  heavj-  kernels,  and  were 
tested  under  <'onditions  similar  to  the  above.  (It  will  lx»  noticeii  that  the 
IK'r  cent  of  light  kernels  is  quite  small  and  that  all  germinated.) 

GERMINATING    RESULTS. 

I leavy   kernels    (IH  ) 100%  germinated 

Light   kernels    (0) 100%  germinated 

Ftmrth  Test. — Two  full  rows  were  taken  from  25  ears.  In  which  all 
of  the  live  test  kernels  had  failed  to  germimite  in  the  "box  test."  This 
gave  a  total  of  2.1H*,  kernels.  The  sptvitic  gravity  tt»st  showed  5J>2  heavy 
and   l..'»24  light:    these  were  tested  as  mentioned  above. 

GERMINATING    RESULTS. 

Of  the  .V.»2  heavy   kernels 54%  germinated 

Of  the  l.r)24    light   kernels 22%  germinated 
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Field  Test. — Out  of  125  bushels  of  selected  seed  com,  I  reseleeted 
enough  to  plant  a  thirty-acR^  field — from  which  in  turn  seed  for  the  fol- 
lowing year  was  to  be  Hclected.  and  the  germinating  test  for  each  ear  had 
to  be  high.  Out  of  this  reselectcnl  seed  a  sullicient  amount  was  put  through 
the  si)ecific  gravity  test  until  there  were  enough  light  kernels  to  plant  a 
row  of  80  rods.  The  test  curresi»onde<l  with  test  No.  3,  that  is,  JX)  i)er  cent, 
of  the  kernels  were  heavy;  all  germinated.  These  light  seed  were  planteil 
in  a  row  alongside  of  one  of  he-avy:  the  rows  were  '"checked"  and  ran 
east  and  west,  the  light  row  being  (m  the  south.  Now  as  our  prevailing 
winds  are  from  the  southwest,  one  can  readily  see  how  there  might  thus  be 
a  slight  difference:  the  row  of  heavy  kernels  might  be  fertilized  by  pollen 
from  the  light  kernels  rather  than  the  reverse. 

There  was  no  percc^ptible  differenc-e  in  the  apix^a ranee  of  these  two 
rows,  but  when  a  count  of  stalks  was  made  in  August,  the  heavy  row 
showed  an  excess  of  129.  When  ripe,  the  ears  from  each  row  were  husked 
and  weighed,  and  there  was  found  to  be  a  difference  of  20  pounds  in  favor 
of  the  heavy  row — equivalent  to  n<*}irly  three  bushels  to  the  acre. 

My  conclusions  from  these  experiments  are  as  follows: 

1.  To  test  seed  corn  by  the  germinating  test  is  time-consuming  and 
expensive,  and  requires  great  care. 

2.  Choosing  five  kernels  to  represent  600  to  1,000  others  from  an  ear 
does  not  prove  to  be  an  Infallible  nu-thod.     (Test  4.) 

3.  To  test  by  specific  gravity  is  simple,  rapid,  and  inex|)ensive. 

4.  The  specific  gravity  test  enables  one  to  eliminate  the  weak  kernels 
in  a  simple  and  practical  manner. 

5.  The  crucial  test,  the  field  experiment,  shows  that  the  light  grains 
should  be  discarded. 


107 


Notes  on  the  Flora  of  Cass  Coxtnty. 


By    Robert    IIkssslek. 


(Abstract.) 

This  paper  embraces  a  large  collection  of  notes  on  the  flora  of  Cass 
County,  covering  the  years  from  1894  to  1908,  excepting  the  years  1898  and 
1899,  when  the  writer  was  away.  The  paper  relates  more  particularly  to 
plants  which  are  not  of  general  distribution  in  the  State.  The  notes  given 
under  the  diCTerent  species  of  plants  may  be  grouped  as  follows: 

(a)  Relating  to  plants,  especially  weeds,  that  have  recently  wan- 
dered in,  particularly  along  the  railways,  either  to  maintain  themselves 
and  perhaps  overrun  the  countr>%  or,  on  the  other  hand,  to  lead  a  pre- 
carious existence  for  a  year  or  two  and  then  again  disappear. 

(b)  Relating  to  plants  that  are  apparently  extinct  or  on  the  verge 
of  extinction  on  account  of  the  destruction  of  their  natural  habitats,  as 
the  cutting  down  of  forests  and  bringing  the  ground  Into  cultivation,  or 
by  simply  thinning  the  trees  to  such  an  extent  that  shade-loving  plants 
can  no  longer  thrive.  Moreover,  with  the  thinning  of  the  trees  many  weeds 
come  in.  also  grasses,  and  they  tend  to  crowd  out  the  native  plants.  The 
draining  of  wet  places,  of  swamps  and  bogs,  has  been  going  on  actively  In 
recent  years  and  few  such  now  remain  In  Cass  County.  There  are  fewer 
and  fewer  places  where  plants  that  were  once  common  are  now  to  be  found, 
and  It  Is  only  a  matter  of  time  until  these,  too,  will  lose  their  native  flora. 
The  old-time  rail  fence  has  furnished  a  home  for  many  species,  to  which 
the  wire  fence  gives  no  protection. 

(c)  Relating  to  jUants  that  are  undoubtedly  native  but  which  seem 
.to  come  and  go,  being  found  In  one  locality  for  a  year  or  a  few  years,  and 
then  disappear,  to  reappear  In  a  distant  locality  and  where  they  had  not 
been  seen  before;  that  is,  like  people,  they  seem  to  be  moving  about — es- 
pecially plants  that  are  fond  of  moist  soils;    perhaps  birds  carry  the  seed. 

(d)  A  lot  of  notes  not  fully  worked  up  (for  lack  of  time)  relating  to 
plants  of  interest  on  account  of  their  medicinal  or  supposed  medicinal 
value — either  as  "simples"  or  as  real  remedies  used  by  the  educated  phy- 
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sician  (a  number  are  used  by  the  patent  and  proprietary  medicine  men, 
with  extravagant  statements  as  to  their  value). 

One  can  distinguish  between:  (1)  Plants  that  have  been  brought  In 
purposely,  or  which  have  come  in  accidentally,  the  ancient  medical  lore 
connected  with  them  being  continueil :  (2)  Native  plants  to  which  old 
European  lore  has  been  transferreii,  often  along  with  the  old  Euroiiean 
names;  (3)  Native  plants  about  which  independent  knowledge  has  l)een 
obtained  (whether  real  or  sui)iH)sod  is  at  times  difficult  to  determine),  that 
is,  not  based  on  old  statements  in  European  literature. 

The  writer  wishes  these  notes  to  be  considered  as  a  contribution  to 
the  knowledge  of  the  flora  of  Indiana,  and  as  showing  more  particularly 
how  old  plants  are  disappearing  and  new  ones  coming  in.  The  writer 
says: 

**This  is  a  subject  that  should  be  of  interest  to  botanists  everywhere, 
and  especially  to  the  amateur.  To  me  it  is  certainly  a  great  pleasure  to 
get  out  occasionally  and  note  the  changes  that  are  constantly  going  on — 
changes  so  gradual  that  few  are  aware  of  them  at  all.  I  have  repeatedly 
seen  a  new  plant,  generally  a  weed,  come  in  and  within  a  few  years  be- 
come a  feature  of  the  landscape.  We  need  only  think  of  the  White  Sweet 
Clover,  a  rank  plant,  that  in  places,  especially  along  country  roadsides, 
has  crowded  out  all  other  i)lants. 

"In  this  connection  I  might  refer  to  my  paper  on  the  Adventitious 
Plants  of  Fayette  County,  presented  before  this  Academy  in  1893,  and  on 
the  Flora  of  Lakes  Cicott  and  Maxinkuckee,  in  189G;  also  to  the  many 
papers  given  before  the  Academy  by  men  from  all  over  the  State.  Such 
lists  are  useful  for  the  purpose  of  making  comparative  studies. 

"I  hope  some  one  will  gather  up  all  the  available  data  and  publish  them 
for  the  benefit  especially  of  high  school  students,  many  of  whom  can  be  led 
to  interest  themselves  in  this  subject.  It  Is  not  a  difficult  matter  to  be- 
come acquainted  with  one's  local  flora,  and  to  dt*tect  new  arrivals.  Such 
information  may  also  be  of  value  to  the  farmer. 

"In  going  over  my  notes.  I  realize  the  imiK>rtance  of  making  memo- 
randa of  observations  at  the  time.  There  are  some  facts  about  the  flora 
of  Cass  County  that  I  thought  I  would  always  remember,  but  I  now  find 
that  I  am  not  sure  about  the  presence  or  absence  of  certain  plants,  say 
t^velve  years  ago.  and  In  my  list  I  have  several  times  been  compelled  to 
refer  to  this.  One  may  be  reasonably  sure  about  a  fact,  but  unless  one 
has  notes,  made  at  the  time,  there  may  always  be  some  doubt. 
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"I  would  like  to  add  another  word,  and  that  Is,  the  value  of  the  train- 
ing derived  in  studying  botany,  in  identifying  plants,  and  in  noting  the 
changes  going  on.  This  training  is  of  great  value  to  the  man  who  desires 
to  become  a  physician.  To  differentiate  many  species  (and  we  need  only 
think  of  the  Asters  and  Golden-rods)  requirt»s  patience  and  close  study — 
and  the  exi»erien<t?  is  of  value  to  the  physician,  by  helping  him  to  make 
distinctions  between  diseases  and  states  of  ill  health  that  ajjpear  as  one 
to  the  careless  observer. 

"I  may  add  that  a  numlK»r  of  photographs  have  been  taken  of  native 
plants  in  localities  or  habitats  that  are  now  undergoing  destruction,  es^ 
peclally  of  swamps  and  bogs  and  wet  woods.  A  few  years  more  and  the 
localities  will  be  wholly  altered,  and  with  this  alteration  the  flora  will 
have  disappeared;  it  will  exist  only  in  herbaria,  in  photographs,  and  In 
memory." 


Ill 


A   New   Anthracnose   Attacking   Certain    Cereals   and 

Grasses. 


By  a.  D.  Selby  and  Thos.  F.  Manns. 


(Abstract.) 

This  paper  states  briefly  the  results  of  culture  investigations  of  a 
fungus  described  as  Collctotrichum  vereale,  n.  sp.  Tliis  has  been  found  to 
be  present  over  the  State  of  Ohio,  attaclcing  the  splices,  culms  and  sheaths 
of  rye,  the  culms  and  sheaths  of  wheat,  oats,  chess,  orchard-grass,  timothy, 
red-top  and  blue-grass.  Upon  the  cereals  the  attaciv  is  timed  to  the  ap- 
proaching maturity  of  the  plant  and  produces  marked  shriveling  of  the 
grain.  The  behavior  of  the  fungus  on  different  media  is  stated,  and  dif- 
ferent illustrations  are  included.  It  will  be  publishtKi  in  bulletin  No.  203 
of  the  Ohio  Agricultural  Exi)eriment  Station. 
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The  Dissemination  of  Disease  by  Means  of  the  Seed  of 

THE  Host  Plant. 


By  M.  F.  Barrus. 


(Abstract  from  thesis  presented  in  June,  1908.  at  Wabash  Collegee,  Craw- 
fordsville,  Indiana,  for  Eastman  Biological  Prize.) 

It  has  been  known  for  a  long  time  that  diseases  can  be  spread  by 
means  of  the  seed  of  the  host  plant.  As  early  as  1730  Jethro  Tull  recom- 
mended a  change  of  seed  to  avoid  smut.  Since  then  the  list  of  such  dis- 
eases has  steadilj'  increased  until  now  there  is  a  largo  number  of  them. 

A  knowledge  of  the  meth<xl  by  which  infection  of  the  soi^d  takes  plact? 
and  of  the  subsequent  growth  of  the  parasite  is  of  value,  since  it  will  re- 
veal a  vulnerable  point  of  attack,  if  there  l)e  any,  in  seeking  means  of 
controlling  the  disease.  It  is  the  purpose  of  this  paj^er  to  indicate  briefly 
those  diseases  of  cultivated  plants  which  an*  disseminated  by  means  of 
the  seed  of  the  host  plant  and  to  point  out  the  method  by  which  the  seed 
becomes  infected. 

These  diseases  can  be  divided  into  two  classes,  those  whicli  infest  the 
seed  Internally,  I.  e.,  the  organism  entering  tlie  maturing  seed  and  existing 
within  in  a  dormant  condition  until  the  germination  of  the  seed ;  and  those 
which  infest  the  seed  externally,  i.  e.  the  organism  or  its  spores  becoming 
attached  to  the  surface  of  the  seed  and  entering  the  host  plant  at  the  time 
It  germinates.  The  diseases  belonging  to  the  former  class  are  the  An- 
thracnoee  of  Beans,  the  Blight  of  Peas,  the  Loose  Smut  of  Wheat  and 
Barley,  and  possibly  a  few  of  the  Rusts.  Under  the  latter  class  may  be 
included  most  of  the  Smuts,  the  Wilt  of  Flax,  and  probably  some  of  the 
Rusts  and  a  few  Bacterial  diseases. 

Bean  Anthracnose. 

CoUetotrichum  lindemuthianum   (Br.  &  Cav.)  on  Phaseolus  vulgaris. 

The  fungus  causing  this  disease  survives  the  winter  in  the  seed  of 
the  host  plant.  If  the  affected  pods  are  allow<Hl  to  rii>en  on  the  vines,  the 
mycelium  of  the  fungus  penetrates  further  and  further,  eventually  entering 
the  seeds,  usually  causing  them  to  become  spotted  (Figs.  1  and  2).     Here 
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the  mycelium  remains  in  a  more  or  less  dormant  state  until  conditions  are 
favorable  for  the  germination  of  the  bean  seed,  when  It  renews  its  activity. 

An  examination  of  a  diseased  seed  will  revival  an  abundanci*  of  my- 
celium in  the  infected  portions.  By  carefully  treating  the  seed  with  hot 
water  or  formalin  to  rid  them  of  surfaw  fungi  and  placing  them  in  a 
sterile  moist  chamber,  one  is  able  to  obtain  spores  in  great  profusion  on 
the  seed  before  it  has  germinated  and  later  on  the  cotyledons,  stems  and 
leaves  of  the  Feedling  in  the  sunken  and  discolored  cankers  caused  by  the 
fungus.  Dr.  Halstead  reports  that  he  has  found  spores  of  the  Anthracnose 
on  the  dry  beans,  especially  in  the  cavity  between  the  cotyledons.^ 

In  the  germinating  plant,  no  doubt  the  plumule  is  often  infected  by 
contact  with  the  diseased  portions  of  the  cotyledons.  (Fig.  3.)  Spores, 
however,  are  produced  ui)on  the  cotyledons  after  the  bean  has  expanded 
its  true  leaves  and  when  released  by  the  dissolution  of  the  mucilaginous 
matrix  they  are  washed  to  the  ground  or  on  the  stems  below.  The  stems 
become  infected  from  these  siM)r(^  and  cankers  are  formed  at  the  infected 
places.  Often  these  cankers  encircle  the  stem  and  thus  cut  off  the  supply 
for  the  leavt»s  aboN'e.  Sixty-one  German  Wax  Beans  apparently  healthy 
were  planted  in  the  greenhouse.  When  well  up  five  were  observed  which 
had  infected  cotyledons,  the  others  apiK^arlng  healthy.  Seventeen  days 
after  planting  thirty-one  of  the  plants  were  affected  by  the  distnise  at  the 
base  of  tlieir  stems,  showing,  doubtless,  that  si)ores  from  the  cotyledons 
of  the  five  plants  had  infected  the  stems  of  the  others.     (Fig.  4.) 

When  the  plants  are  moist  the  spores  of  the  fungus  are  in  a  condition 
to  be  easily  disseminated,  so  that  working  among  the  plants  at  this  time  or 
otherwise  disturbing  them  aids  in  the  dissemination  of  the  fungus  if  any 
diseased  plants  are  present.  Even  the  wind  aids  dissemiuaticm  by  scatter- 
ing contaminated  drops  of  water  to  healthy  plants,  or  by  blowing  the  plants 
against  each  other.  In  this  way  the  disease  si)reads  to  the  leaves,  stems 
and  pods  of  the  plant  during  the  growing  season. 

The  selcH'tion  of  seed  from  unaffect(*d  {mils  se(»ms  at  i)re«Mit  to  be  the 
most  satisfactory  method  to  pursue  in  controlling  th4»  disease.  The  pods 
should  hi*  sele<  ttnl  in  the  field  and  only  such  as  are  i)erfectly  fnn^  from  all 
evidenci*  (►f  disease  should  be  s<»lecte<l.  Apparently  healthy  beans  within  an 
infiMtcd  i)<)d  may  harbor  the  n)y(<»lium  of  the  fungus  without  showing  any 
evidence  of  it.  Enough  s(M»d  can  be  selected  in  tills  way  to  plant  small 
patches.     Those  who  grow  large  areas  should  select  enough  beans  to  plant 


1.    Halstead.  B.  D.,    The  Anthracnone  of  the  Bean.     A  Remedy  Susr^rested.     Ann. 
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half  an  acre  and  uso  the  beans  from  this  seed-patch  for  subsequent  plant- 
ings. By  careful  selection  after  this  manner  each  year  the  disease  can  be 
controlled  to  a  profitable  extent. 

SUNSCALD    OF    PEA. 

Ascochyta  pisi  Libert,  on  Pi8iim  sativum. 

During  tlie  summer  of  11)()7,  my  attention  was  called  to  this  disease 
affecting  the  garden  pea.  As  observed  at  this  time,  the  leaves,  stems  and 
lK)d8  were  badly  siK>tted.  (Fig.  5.)  The  spots  on  the  pods  were  not  con- 
fined to  the  surface  alone,  but  in  many  cases  extended  entirely  through 
the  i>od,  as  was  evident  from  the  fact  that  spots  were  found  exactly  op- 
posite those  on  the  other  side  and  the  seed  between  the  affected  portions 
was  discolored  or  distinctly  spotted  by  the  disease.  I  gathered  a  number 
of  the  diseased  pods  of  both  early  and  late  varieties  and  planted  twenty- 
three  seeds  of  each  variety  in  the  greenhouse  during  the  winter  following. 
Several  seeds  of  the  late  variety  were  distinctly  spotted.  All  of  the  early 
variety  germinatiHl  and  thirteen  of  the  late  variety.  Those  that  did  not 
germinate  were  found  to  be  decayed.  Soon  after  they  came  up,  nearly  all 
of  the  plants  died.  I'sually  the  stem  near  the  base  withered  and  turned 
brown,  resulting  in  the  death  of  the  young  plant. 

Five  of  the  forty-six  planted  lived  and  produced  pods.  Even  the  lower 
leaves  of  these  withered  and  dropi)ed  o(f,  giving  the  plant  a  very  straggling 
api)ea ranee.  No  spots  such  as  were  observed  on  the  plants  grown  in  the 
garden  were  to  be  seen,  contrary  to  my  exi)ectation,  but  from  the  descrip- 
tion of  the  disease*  given  by  others,*  the  trouble  was  undoubtedly  due  to 
Ascochyta. 

Kruger,  a  German  mycologist,  found  that  if  diseased  seed  was  soaked 
in  water  from  forty-eight  to  seventy-two  hours,  the  mycelium  of  the  fungus 
would  completely  encircle  it,  and  grow  out  into  the  water,  forming  a  white 
mass  of  radiating  threads.  Van  Ho<^  verified  this  statement  and  also  found 
that  if  the  diseased  i)ea  seed  were  placed  in  a  germinator  for  a  few  days 
a  heavy  coat  of  white  mold  would  be  formed  about  them  in  which,  if  seed 
were  removeil  to  a  covered  dish  with  less  moisture,  numerous  reddish- 
brown  pycnidia  would  be  formed.'  These  pycnidia  were  produced  by  the 
mycelium  of  the  fungus  which  had  lain  dormant  in  the  seed  since  its  ma- 
turity. When  the  conditions  were  right  for  the  germination  of  the  seed 
the  fungus  renewinl  its  growth.    The  mycelium  grows  within  the  stem  con- 
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currently  with  the  growth  of  the  plant,  (•auslng  lesions  at  its  base  and  a 
withering?  of  its  lower  leaves,  ami  often  its  death  before  or  so(»n  after  its 
apijearance.  Probably  the  embryo  is  affected  by  the  fim^ius  in  most  cases 
where  the  siKxls  do  not  germinate.  The  sjiores  exuded  from  the  lesions  on 
the  stems,  leaves  and  iK>ds  are  scattered  by  the  wind  and  other  agents,  and 
infect  healthy  plants.  If  the  spotted  iMids  are  left  upon  the  vines  until  the 
seeds  are  mature  the  mycelium  penetrates  some  of  these  secnls,  which  thus 
carry  the  fungus  over  the  winter,  making  this  an  important  means  for  the 
dissemination  of  the  parasite. 

Seed  treatment  has  not  been  very  effective  in  controlling  this  disease* 
which,  fortunately,  with  the  exception  of  an  occasional  epidemic,  is  not 
very  destructive.     Rotation  of  crops  is  one  method  usually  recommended. 

Loose  Smut  of  Wheat. 
Usiilago  tritici  (Per.)  Jens,  on  Triticum  vulgare. 

It  was  formerly  thought  that  the  spores  of  this  fungus  btM?ame  at- 
tached to  the  coat  of  the  healthy  see<l  and  germinated  at  the  time  of  the 
germination  of  the  seed,  infection  threads  from  the  i)rorayc*ele  penetrating 
the  first  leaf-sheath,  as  is  the  case  with  stinking  smut.  But  later  inves- 
tigations have  made  quite  certain  that  the  germinating  spore  infects  the 
pistil  of  the  healthy  wheat  at  flowering  time,  the  mycelium  establishing 
itself  within  the  ovary  during  its  development  and  remaining  dormant  in 
the  rii^ened  seed  until  it  had  germinated,  the  mycelium  then  continuing 
its  own  development.'  This  fact  explains  why  the  results  of  seed  treat- 
ment for  this  sptH-ies  have  been  negative  to  so  large  a  degree. 

During  the  latter  part  of  June,  11¥)7,  1  inoculated  many  wheat  plants 
with  the  si>ores  of  IJ.  tritici  by  dusting  tlie  young  stigma  with  the  spores. 
The  stigma  seemed  to  be  most  receptive  when  quite  yomig.  Records  of 
inoculations  were  kept  and  heads  gathered  at  varying  intervals  of  time 
from  date  of  inoculation.  A  pistil  examined  one  day  after  inoculation 
showed  that  a  number  of  si)ores  adhered  to  the  stigmas  and  that  several 
had  germlnat(»d.  It  was  hoi)ed  that  the  point  of  infection  would  be  ob- 
si'n'ed  and  although  the  germ  tubes  of  si)ores  were  seen  directed  toward 
the  Interior  of  the  stigma,  none  were  si»en  entering  or  within.  Spores 
wer4'  also  germinating  on  the  surface  of  the.ovar.^  and  it  may  be  that  the 
point  of  entranc«»  is  through  the  ovary  coat.     Of  those  seeds  which  were 
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allowocl  to  uiature  after  being  inoculated,  thirty  were  planted  in  a  box  In 
the  g^wnhou^^  on  October  10th,  1JH)7.  On  the  ir)th  of  May,  11H)8,  the  re- 
sulting; wheat-i)lant8  had  begun  to  head  out.  All  the  heads  were  more  or 
less  smutty.  The  majority  of  them  were  retimed  to  a  mass  of  spores  as 
is  (Mmunonly  observed  in  tlie  field.  In  a  few  oases  the  ovary  was  the  only 
part  entirely  dt^stroyed,  the  outer  inn^tion  l)eing  unaffected  or  only  strealced 
with  sori  containing  tiie  spores.  As  tlie  wheat  plant  develops  tlie  mycelium 
of  the  fungus  grows  upward  probably  much  after  the  manner  of  the  my- 
celium of  the  stinlving  smut.  It  enters  the  young  head  early  in  its  forma- 
tion and  branches  into  numerous  si)orogenoufi  hyphae,  whieh  completely 
destroy  the  pistil  and  other  parts  of  the  flower.  These  hyphae  divide  into 
a  number  of  cells  within  each  of  wliich  a  chlamydospore  is  formed  as  in 
Oat  Smut.  The  walls  of  the  hyphae  become  gelatinous  and  later  disap- 
t)ear,  leaving  the  spores  free.  Thew*  dry  on  exi:)08ure  to  the  air,  forming 
a  dusty  mass  so  conmionly  observed  at  the  flowering  time  of  wheat.  These 
spores  are  blown  about  by  the  wind  and  infect  the  ovaries  of  healthy 
heads,  thus  establishing  the  fungus  for  another  year.     (Fig.  fi.) 

Naked  Smut  of  Barlky. 

VsHlayo  niula   (Jens.)   Kell.  and  Sw.  on  JJordcum  vulgare. 

This  Smut  is  similar  in  methods  of  attack  and  in  field  characteristics 
to  the  Loose  Snnit  of  wheat.  The  head  is  reduced  to  a  mass  of  spores 
which  are  scattered  at  the  fiowerlng  time  of  barley.  Th(»se  spores  infect 
the  ovaries  of  the  healthy  plants  in  which  the  mycelium  of  the  fungus 
develops  until  the  seed  is  ripe,  remaining  throughout  the  winter  in  a  dor- 
mant condition  and  continuing  its  growth  concurrently  with  the  growth 
of  wheat  after  seed  is  planted. 

Thk  Stinking  Smut  of  Wheat, 

TUlctia  foetcns  (H.,  &  C.)  Trelease  and  T.  Tritiri  (Kjerk.)  Wlnt.  on  Triti- 

cum  vulgare. 

Tilletia  foetcns  has  a  spore  with  a  i)erfectly  smootli  coat,  while  the 
epispoi"**  of  T.  iritici  is  nnicli  reticnIatcKl.  Their  method  of  infection  and 
growth  are  similar. 

The  spores  of  these  two  smuts  are  scattered  about  at  harvesting  time 
or  in  some  other  way  l>econie  attached  to  the  healthy  scchI.  When  placed 
in  a  situation  favorable  for  their  germination  they  send  out  a  short,  thick 
promycellum  and  at  Its  tlj)  Is  borne  a  cluster  of  slender  tajierlng  sporldia 
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whicli  conjiijrato  in  pairs.  InfcH-tion  threads  are  4»ither  prodiutHl  by  these 
sporldia  caimlile  of  i>enetrating  the  host  phiiit  or,  as  is  usually  tlie  case, 
secondary  sickle-shaiK»d  sjwridia  are  borne  on  short  filaments  and  these 
sporldia  produce  infecrtlon  threads.  Tlie  formation  of  sporidia  greatly  in- 
creases the  chances  of  the  fungus  to  infect  the  host. 

The  infei-tion  of  the  wheat  plant  talces  place  soon  after  the  gennlna- 
tion  of  tlie  grain  and  even  In^fore  tlie  first  leaves  are  put  forth.  Hoffman 
believed  that  the  Infection  threads  can  enter  only  the  sheathing  primary 
leaf  or  the  collar  between  the  root  and  stem  while  they  are  yet  very  young 
and  delicate  *and  concludes  that  anything  which  would  hasten  the  growth 
of  the  young  plant  would  tend  to  lessen  the  chances  of  infection.*  Bolley 
believes  that  infection  does  not  take  place  unless  there  Is  a  large  num- 
ber of  sporidia  In  close  contact  with  the  seedling  during  the  infection 
period."  The  mycelium  after  gaining  entrance  to  tlie  young  plant  pushes 
Its  way  upward  with  the  growth  of  tlie  host,  the  older  mycelium  dying  and 
its  contents  passing  upward  into  the  young  advancing  ends,  and  finally 
fruits  In  the  ovaries  by  the  production  of  chlamydospores  from  siwrogenous 
hyphae  that  have  develop<»d  abundantly  In  them.  The  Stinking  Smut 
differs  from  the  I^ose  Smut  of  Wheat  In  that  the  destruction  is  entirely 
confined  to  the  ovary  c(»ntents.  The  ovary  coat  is  left  Intact,  so  that  one 
would  easily  fail  to  recognize  any  infection  unless  he  made  particular  ob- 
servation or  noticed  the  disagreeable  odor  characteristic  of  the  fungus. 
The  affected  kernels  are  sonii»what  larger  than  healthy  ones  and  this  In- 
crease In  size  causes  the  florets  to  spread,  making  the  head  more  oi)en 
than  a  healthy  one.  When  the  kernels  are  cut  ojrmi  they  are  found  to 
be  filled  with  a  mass  of  olive-brown  spores  of  a  greasy  character. 

The  Loosk  Smut  of  Oats. 
Ustihujo  a  venae  (IVrs.)  Jens,  and 

The  IIinDEN  Smut  op  Oats 

VstUauo  leris  (Kell.  &  Sw.)  Magnus  on  Arena  sativa. 

There  are  two  distinctive  species  of  oat  smut  called  respectively  the 
I^roose  and  the  Hidden  Snnit  of  Oats.  Both  are  much  alike  in  their  methods 
of  development  and  both  succumb  to  the  same  method  of  treatment.  Uh- 
tilago  a  venae  is  by  far  the  commoner  and  is  the  one  which  causes  the 

1.  Note  from  Kellernian  and  Swinirle,  Report  on  the  Loose  Smut  of  Cereals.    2d 
Ann.  Rppt.  Kan.  Exp  Sta.  1889.  pp.  213-238. 
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greatest  damage  of  all  grain  smuts  iu  the  United  States.  The  disease 
makes  its  appearam-e  at  the  time  of  blossoming  of  the  oat-plant,  the  whole 
head  becoming  a  dusty  olive-brown  mass.  The  infected  flowers  are 
entirely  destroyed  by  the  disease  and  even  the  awns  are  affected. 
In  the  Hidden  Smut  the  simre  mass  is  more  or  less  concealed  by  an  outer 
membrane  of  the  floral  parts  that  remain  intact  from  the  disease.  The 
dusty  mass  is  made  up  of  great  numbers  of  spores  which  are  blown  about 
by  the  wind,  some  being  caught  in  the  oixni  glumes  of  flowering  oat-plants. 
Since  after  blossoming  the  glumes  clost*  tightly  about  the  ovary,  such  si)ores 
are  held  imprisoned  and  remain  so  mitil  the  seed  is  in  a  condition  to 
germinate.  Then  the  imprisoned  spores  germinate  after  the  manner  of 
several  smuts,  producing  a  three  or  four-septate  promycelium,  which  usu- 
ally bears  oval  or  elliptical  sporidia  at  the  apex  or  laterally  at  the  septa. 
Infection  threads  are  usually  produced  by  these  sporidia,  but  the  promy- 
celial  threads  may  also  produce  them.  These  infection  threads  gain  en- 
trance to  the  host  by  piercing  the  delicate  young  cells  of  the  first  leaf- 
sheath  before  the  leaf  has  appeared.  Plants  are  free  from  infection  after 
the  growing  leaves  have  pushed  themselves  as  much  as  one  c.  m.  througk 
the  leaf-sheath.  Brefield  found  by  experimentation  that  oats  germinated 
up  to  15**  C.  gave  3  per  cent  smutted  heads,  but  when  grown  at  a  higher 
temperature  give  1  to  2  per  cent,  smutted  heads  or  more.^  This  bears  out 
ordinary  experience  that  late  sown  oats  while  more  liable  to  rust  are 
freer  from  smut.  This  immunity  is  probably  due  to  the  short  period  when 
the  plant  is  oi)en  to  infection  as  a  result  of  the  rapid  germination  and 
growth  of  the  seed  in  the  more  favorable  condition  of  temperature. 

In  from  thirty-six  to  forty-eight  hours  after  infection  considerable 
mycelium  will  be  developed  which  penetrates  the  first  and  second  leaves 
and  gains  entrance  to  the  stalk  or  culm.  It  grows  upward  and  invades 
the  young  head  in  quite  the  same  manner  as  in  case  of  other  smuts.  In 
place  of  a  healthy  head,  a  dusty  mass  of  spores  api)eai-s,  which  are  scat- 
tered to  healthy  heads  by  the  wind. 


1.    Brefield,  O..  Recent  InvestisrationH  of  Smut  Fiineri  and  Snnit  Diseases.    Trans 
by  Erwin  P.  Smith.  Jour.  Mycol.  VI,  pp.  1-8;  59-71:  153-164.    1890-91. 
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Covered  Smut  of  Harley, 

On  Hon!  earn  vulvar  v. 

UstUayo  hordci  (Pers.)  Kell.  &  Sw. 

This  smut  differs  from  VHtiUiffo  nuda  In  its  motliod  of  infection  and 
in  its  appearance  In  the  field.  Tlie  floral  parts  are  not  as  completely  de- 
stroyed and  these  serve  to  confine  the  spore  mass  and  thus  keep  the  spores 
from  escaping  until  threshing  time.  Although  they  have  a  smooth  epi- 
spore  they  cling  to  the  seed  and  germinate  with  it  producing  sporidia  in 
abundance,  laterally  and  terminally,  upon  a  two  to  three-septate  and 
elongated  i^romycelhun.  These  sporidia  send  out  Infection  threads  which 
penetrate  the  host  in  its  early  stage  of  growth.  The  swollen  segments  of 
isolated  promycelium  may  also  produce  infection  threads.  The  manner  of 
growth  in  the  host  and  the  production  of  chlamydospores  is  similar  to 
that  of  other  loose  smut.*,  * 

Other  Smuts  (^arried  Over  by  the  Seed  of  Their  Host  Plants. 

Grain  Smut  of  Rice. 

Tilletia  horrida  Tak.  on  Oryza  sativa. 
Head  Smut  of  Sorghum. 

Spacelothcca  Reiticna  (Kuhn)  Clint,  on  Sorghum  vulyarin. 
Grain  Smut  of  Sorghum. 

HpacelotJieca  mrghi  (LK.)  Clint,  on  Sorghum  vulgaris. 
Grain  Smut  of  Hungarian  Grass. 

Vstilago  cramcn  Kom.  on  Setaria  italica. 
Leaf  Smut  of  Timothy,  Red-toi).  Blue-grass,  and  other  Grasses. 

UstUago  atriacformh  (West.)   Miessi. 
Smut  of  Tall  Oat  (irass. 

UstUago  pvrcnnans  ICostr.  on  Arrenathcrum  avenaceum. 
And  smuts  of  many  wild  grasses. 

Fijix  Wilt. 
Fusariuni  lini  Bol.  on  lAnum  iisitatisHimum  and  L.  humila. 

Tlie  spores  of  this  fungus  bei-ome  attached  to  the  seed  and  germinate 
with  it  In  the  soil.  Those  infect  the  roots  of  the  young  plant,  often  killing 
the  seedling  lH»fore  it  appears  above  ground.     In  case  when  plants  live  and 
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are  able  to  mature  their  seeds,  they  are  fre<iuently  internal ly  infected  by 
the  mycelium  of  the  fungus  and  thus  serve  to  carry  tlie  disease  from  sea- 
sou  to  season.*,  *,  • 

Rusts. 

It  is  now  believed  by  some  pathologists  that  certain  species  of  Puc- 
cinia  are  peri>etuated  by  means  of  the  seed  of  the  host  plant.  Erilisson. 
after  long  investigation,  came  to  l)elieve  that  the  fungus  exists  in  the  seed 
in  a  myeoplasmie  form  which  can  only  with  difficulty  be  detected  from  the 
protoplasm  of  the  cells  in  the  seed.  As  the  plant  grows,  the  mycoplasm 
spreads  from  cell  to  cell,  finally  appearing  as  mycelium  in  the  intercellular 
spaces.  He  Mieves  that  the  rust  may  be  inherited  from  preceding  crops 
by  means  of  this  mycoplasm.^  It  is  generally  believed  that  the  facts  do 
not  warrant  the  acceptance  of  this  theory.  Bolley  thinks  that  infection 
may  take  place  from  spores  inside  the  st^ed  itself.  lie  found  both  uredo 
and  teleutospores  of  Puccinia  graminis  borne  in  sp<:>re  beds  just  Mow  the 
bran  layer  of  wheat  and  also  found  plenty  of  rust-mycelium  within  the 
seed.*  Eriksson  reports  seed  infection  with  Puccinia  graminis  and  P. 
glumarum  in  wheat,  oats,  and  barley,  and  P.  dispersa  on  rye.  Noack  re- 
l)orts  a  case  from  Cooke  of  carnations  being  afTected  by  rust  which  must 
have  been  caused  by  seed  infection  and  he  himself  observe<l  an  incident 
of  celery-rust  that  was  likewise  caused  by  infection  from  the  seed.' 

Anthracnose  of  Tomato. 
CfjUciotrichum  lycopercici  Ches.  on  Lycopcrsicum  esvuUiituin.^ 

Bacteriosis.  or  Bacterial  Blight  of  Beaxs. 

Bacterium  phascoli  Sm.  on  Phaseolns  vuhjareJ^ 
This  disease  affects  the  stems,  leaves,  and  pods   (Fig.  7)   of  various 
field  and  garden  beans,  including    limas.     It  spreads  through  the  pods  into 
the  seeds,  where  the  bacteria  live  through  the  winter,  thus  carrying  the 
disease  from  season  to  season. 


1.  Bolley.  H.  L.,  Flax  Wilt  and  Flax  Sick  Soils.    N.  D.  Bui.  50. 1901. 

2.  Bolley,  H.  L..  Flax  and  Flax  Seed  Selection.    N.  D.  Hul.  55, 1903. 

3.  Bolley,  H.  L.,  Flax  Culture.    N.  D.  Hul.  71, 1906. 

4.  Eriksson,  J..  A  General  Review  of  the  Principal  liesults  of  Swedish  Research 
on  Grain  Rusts.    Bot.  Gaz.  XXV;  26;  1896. 

5.  Bolley  &  Pritchard.  Rust  Problems,  etc.    N.  D.  Bui.  68:  1906. 

6.  Noack.  Fritz,  Die  Verschleppinfi:  von   Pflanzenkrankheiten   durch  S'amereien. 
Zeitseh.  land.  n.  ver  Hersen.  1893.  No.  20,  pp.  161-2.    Trans,  by  Prof.  H.  H.  Whetzel. 

7.  Harvey,  F.  L.,  Tomato  Anthracnose.  ZTMe.  State  Coll.t  Ann.  Rept.  1893.     Part  II, 
p.  152. 

8.  Whetzel,  H.  H.,  Some  Diseases  of  Beans..Cor.  Exp.iSta.  Bui.  239, 1906. 
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Black  Rot  of  Cauiiage. 

liavciUus  campcHtrc  (Pam.)   Sm.  on  Brassica  olcracca  and  B.  campestris. 

Infection  takes  place  throiij^h  the  water  i)ore8  of  the  leaves.  The  mar- 
gins become  affected  and  later  the  whole  leaf  withers  and  dies  from  throm- 
bosis, i.  e.  by  the  plugging  up  of  the  xylem  vessels  by  the  bacilli.  It  has 
l)een  shown  while  the  bacilli  will  die  when  exposed  from  8-10  days  on  a 
dry  cover  glass,  they  are  able  to  live  ten  to  thirteen  months  on  the  smooth 
surface  of  a  cabbage  seed,  and  that  they  ofteit  pass  the  winter  in  such  a 
position.* 

Stewart's  Sweet  Corn  Disease. 

Bacterium  stewartii.    Sm.  on  Zea  Mais. 

This  is  a  thrombotic  disease  of  sweet  corn  that  is  Ijelieved  to  be  dis- 
seminated from  year  to  year  chiefly  by  means  of  bacteria  clinging  to  the 
seed." 


1  I  Stewi?f 'P^'C^'  I  Vitality  of  the  Cabbasre  BIbcIl  Rot  Germ  on  Cabbage  Seed.    N.  Y. 
1  Pnicha,*M.*  J.*    j  ^xp.  Sta.  Bui.  261. 1904. 

2.    Stewart.  F.  C,  A  Bacterial  Disease  of  Sweet  Corn.    N.  Y.  Exp.  Sta.  Bnl.  139. 1897. 
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The  Histological  Difference  Between  Pinus  Taeda  and 

PiNus  Palustris. 


By  Katiierine  Golden  Bitting. 


Though  the  structure  of  the  wood  of  a  tree  will  show  considerable 
variation  due  to  environment  and  conditions  of  growth,  tlie  variation  will 
be  manifest  in  the  amount  of  wood  formed,  and  the  size  of  the  cells.  The 
characteristics  which  distinguish  the  particular  wood  remain  constant,  no 
matter  what  the  external  conditions  may  be,  so  that  it  is  always  possible 
to  distinguish  the  wood  of  any  species  by  the  use  of  the  microscope.  It 
is  not  always  possible  to  distinguish  woods  macroscopically,  even  by  expert 
Iumt)er  men.  This  is  particularly  time  of  Coniferous  woods,  wliich  are 
composed  of  only  one  form  of  element,  the  tracheides. 

The  close  macroscopieal  resemblance  of  many  Conifers,  coupled  with 
the  variety  of  local  names  possessed  by  nearly  every  species,  has  caused 
much  confusion  in  the  luml)er  business.  At  present  when  a  certain  lumber 
is  specified  in  a  contract,  many  times  the  only  guarantee  that  the  contract 
will  be  properly  tilled  will  be  the  resemblance  to  the  lumber  named,  along 
with  hiformation  as  to  the  locality  from  which  it  was  shipped,  the  latter 
being  the  more  reliable,  if  it  be  known  to  furnish  pure  groups. 

Two  of  the  hardwood  Conifers  which  are  confoundeil  are  Pinus  tiieda 
and  Pinus  palustris,  or  as  they  are  more  connnouly  known,  liOblolly  and 
Ijongleaf  pine.  In  addition  to  these  I^obloily  has  twenty-two  otlier  conunou 
names,  and  Longleaf  twenty-seven,  three  of  which  are  common  to  botli. 

Pinus  taeda  Is  of  wide  distribution,  due  to  its  adaptability  to  grow  in 
diflCerent  soils,  consequently  it  shows  considerable  variation  in  its  annual 
.growth  in  both  height  and  diameter.  The  best  lumber  is  obtained  from 
trees  grown  in  mixed  forests  on  well  drained  and  fertile  soil.  These  trees 
give  the  greatest  growth  in  height,  and  a  slower  growth  in  diameter,  both 
varying  with  the  age  of  the  tree.  The  zones  of  the  spring  and  summer 
wood  in  the  annual  ring  are  nearly  equal  in  extent,  the  spring  wood  shad- 
ing gradually  into  the  summer  wood.  In  the  gross,  the  zones  are  fairly 
distinct,  but  under  the  microscope  it  is  difficult  to  define  their  proximate 
limit,  as  seen  in  the  transverse  and  radial  sections.    The  tracheides  in 
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cross-section  are  approximately  square  or  oblong,  those  in  the  summer 
wood  being  much  thickened,  leaving  an  irregular-shai)ed  opening.  The 
tliickness  varies  from  .00454  nnn.  in  the  spring  wood  to  .OlOG  mm.  In  the 
summer  wood.  The  length  and  width  of  the  tracheldes  also  vary,  those 
in  the  spring  wood  being  G.444  mm.  in  length  by  .05006  mm.  in  diameter, 
those  in  the  summer  wood  Ijeing  0,735  mm.  by  .03333  mm.,  l)eing  very 
sliglitly  longer  but  decreased  considerably  in  diameter,  the  decrease  in 
width  l>eing  accompanied  by  a  greatly  increased  thickness.  These  figures 
are  taken  from  the  early  spring  and  tlie  late  summer  tracheides. 

The  resin  ducts  occur  singly  in  both  the  spring  and  summer  zones. 

The  medullary  rays  are  somewhat  obscure,  one  row  of  oells  in  width 
and  2  to  17  cells  in  height,  except  tiiose  which  contain  resin  ducts,  which 
widen  and  have  a  greater  height. 

In  the  longitudinal  sections,  the  wails  show  striations  which  are  fairly 
prominent,  but  have  very  little  bowing  apart  of  the  walls. 

Pinus  palustris  requires  a  drained  soil  in  which  to  grow,  its  seetl 
years  occur  at  longer  intervals,  and  thus  it  has  a  more  limited  distribu- 
tion tlian  P.  taeda.  It  also  has  a  lesser  height  and  diameter,  but  has  a 
finer  grain,  and  greater  weight.  The  zones  of  the  spring  and  summer 
wood  are  distinct  from  each  other,  showing  in  well-marked  lines,  the 
summer  wood  apjiearing  oily  and  compact  as  against  the  lighter  line  of 
the  spring  wood.  The  summer  zone  varies  from  about  onc^third  to  one- 
lialf  of  the  annual  ring.  The  two  zones  are  so  distinct  that  unless  the 
thickness  of  the  walls  l>e  noted  carefully,  the  only  difference  between  the 
limits  of  tlie  summer  wood  is  that  the  first  growtli  shows  an  irregular  line, 
wliereas,  the  end  of  the  zone  for  the  year's  growth  forms  a  clean-cut  ring. 

The  tracheides  in  transverse  section  are  approximately  square  or  ob- 
long, with  approximately  round  or  elliptic  o[K»nings  left  in  the  sunnner 
wood.  Those  in  the  spring  wooti  average  4.4555  mm.  in  length  by  .0435(> 
mm.  in  diameter,  and  the  walls  .00043  nnn.  in  thickness.  The  summer 
tradieldes  average  4.8533  mm.  in  length  l)y  .0401)  mm.  in  diameter,  and 
the  walls  .013r>3  mm.  in  thickness.  There  is  only  a  slight  diflTerence  between 
the  tracheides  of  the  spring  and  summer  zom*s  in  length  and  diameter,  but 
the  thickness  of  the  walls  is  more  than  double<I. 

Tlie  resin  ducts  occur  singly,  near  to,  and  in,  the  summer  wood. 

Tiie  nuMlullarj'  rays  are  conspicuous,  being  one  row  of  cells,  rarely 
more,  in  width.  They  vary  from  2  to  28  cells  in  height,  except  those  con- 
taining resin  ducts,  which  are  much  larger. 
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The  walls  of  the  traebeides  bow  apart  to  such  au  extent  as  to  appear 
like  a  string  of  beads  in  the  longitudinal  sections. 

In  distinguishing  the  woods  of  the  two  trees  the  factors  which  are 
most  prominent  and  also  most  readily  obtained  are  in  Plnus  taeda,  tli<? 
Junction  of  the  spring  and  summer  wood,  in  the  year's  zone,  not  distinct, 
the  medullary  rays  somewhat  obscure,  and  close  together;  in  Pinus  palus- 
tris  spring  and  summer  wood  distinct  from  each  other,  the  medullary  rays 
conspicuous  and  farther  apart,  having  a  ratio  of  4  to  11  to  those  in  Pinus 
taeda.  The  other  differences  noted  might  be  used  in  verificaticm,  but  are 
not  essential  in  the  differentiation  of  the  two  woods. 
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Report  of  Work  in  Corn  Pollination. 


l\\  M.  L.  Fisher. 


The  work  horo  reported  was  done  durinji;  the  st^ason  of  1J)()8.  A  series 
of  six  studk*s  was  oarrknl  out  in  duplicate,  as  follows: 

a.  To  determine  perioil  nef<»Svsary  for  pollination  in  the  field. 

b.  To  determine  the  best  condition  of  silks  for  pollination. 

c.  To  determine  time  of  day  wlien  ix)llination  takes  place  most 
actively. 

d.  To  determine  the  result  of  crossing  with  pollen  from  a  variety  of 
a  different  color  or  race. 

e.  To  determine  the  vitality  of  pollen  grains. 

f.  To  determine  the  efftH-tiveness  of  hand  pollination. 

All  prosi)ective  ears  were  covered  with  pai>er  bags  before  the  silks 
apiieared.  Where  liand  pollination  was  performe<l,  an  umbrella  was  held 
over  the  shoot  and  to  the  windward  while  it  was  uucx)vered.  Only  the 
results  obtained  from  '^d"  and  **e"  will  l>e  reiK)rte<l  upon  at  this  time.  In 
all  but  **b,'*  the  silks  used  were  three  inches  or  more  in  length  and  in  fresh 
condition. 

The  work  under  "d"  was  divided  into  four  parts:  d*.  The  silks  of 
Reid's  Yellow  Dent,  a  yellow  variety,  were  i)ollenized  with  i)ollen  from 
Boone  County  AVhite,  a  white  variety.  Fairly  well  filled  ejirs  were  ob- 
tained. The  kernels  had  yellow  bodices  and  almost  uniformly  whitish 
crowns.  A  few  kernels  were  yellow  throughout.  The  character  of  the 
kernel  and  ear,  other  than  color,  was  uninfluenced. 

d^  The  silks  of  Reid's  Yellow  Dent  were  iH)llenized  with  pollen  from 
Stowell's  Evergrt»en,  a  swt»et  corn,  whitish  in  color  and  having  wrinkled 
kernels  when  mature.  Fairly  well  fiUeil  ears  were  ol)tained,  but  the  char- 
acter of  the  ear  and  kernel  was  imchanged.  The  only  variation  noticeable 
was  a  somewhat  broader  kernel,  but  such  variation  might  wcur  without  the 
effect  of  crossing. 

d'.  Reid's  Yellow  Dent  was  pollenized  with  pollen  from  a  speckled 
variety.  None  of  the  kernels  was  speckled.  A  few  had  whitish  crownSi 
Otherwise  no  change. 

[10— 213G31 
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It  should  be  said  In  this  connection  that  the  tassels  from  which  tlie 
(K)Ilen  was  obtained  were  plucked  in  the  afternoon  and  mailed  in  an  en- 
veloi)e  from  Galveston,  Ind.,  in  the  evening  and  used  tlie  next  morning  at 
Lafayette,  Ind.  Tlie  fertilization  was  not  so  complete  as  in  other  cases 
of  hand  pollination. 

d*.  The  silks  of  Boone  County  White  were  iK)llenized  with  pollen 
from  Heid's  Yellow  Dent.  Woll  fille<l  eai*s  were  obtained.  The  kernels 
liad  uniformly  yellowish  bcnlies  and  wliite  crowns.  The  kernels  were 
shorter  than  the  usual  Kocme  C-ounty  White  kernel,  but  this  may  have 
beiMi  due  to  the  extreme  dry  weather  of  the  season.  In  all  other  ways  the 
character  of  the  ear  was  unchanged. 

The  work  under  "e"  was  divided  into  three  parts. 

e^  Two  tive  ear  lots  were  iM>llenize<l  with  pollen  24  hours  old.  To 
obtain  this  i>ollen  taswls  were  plucked  in  tlie  afternoon  and  laid  on  jmiier 
in  a  room.  The  next  morning  the  pollen  was  jarred  out  of  the  ripe  anthers. 
The  following  morning  tliis  pollen  was  used  to  pollenize  the  selected  ears. 
With  pollen  24  hours  old  very  w^ell  ttllctl  ears  were  obtaineil. 

e-.  Two  five  ear  lots  were  iwllenized  with  i)ollen  48  hours  old,  ob- 
tained as  in  "e\"  Tlie  ears  obtained  from  this  i>oIlination  were  not  so 
well  filled,  there  being  many  vacant  places,  showing  a  failure  to  fertilize. 

e".  T\^'o  five  ear  lots  were  pollenizeil  with  iKillen  72  hours  old,  ob- 
tained as  in  "V."  In  this  case  practically  no  fertilization  took  place.  The 
best  ears  had  not  more  than  8  or  10  kernels  on  the  cob,  and  the  others 
only  3  or  4  kernels. 

No  conclusions  are  offered  concerning  these  ex|>eriments.  It  is  pro- 
posed to  rei)eat  the  experiments  in  1009,  also  to  plant  the  com  obtained  in 
d'.  iV,  d\  and  d*,  and  note  results. 
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The  Ktt.ltng  of  Mustard  and  Other  Noxious  Weeds  in  the 

Grain  Fjelds  of  South  Dakota. 


By  E.  W.  Olive. 


To  the  best  of  the  writer's  remembrance,  mustard,  though  abundant 
enough,  was  not  considered  some  years  back  as  a  serious  pest  in  Indiana 
gniin  fields.  But  tliroughout  tlie  great  grain  fields  of  the  Northwest  the 
situation  is  different.  The  traveler  Sees  on  every  hand,  during  the  month 
of  June,  field  after  field  of  grain  absolutely  yellow  with  the  blossoms  of  the 
common  wild  mustard.  The  fields  sown  to  cereals  are  often  enormous  in 
extent;  it  Is  not  an  uncommon  sight  to  see  a  quarter-section  or  even  a 
section  sown  to  one  crop  of  wheat,  barley,  oats  or  flax.  Only  small  areas 
here  and  there  bear  what  we  call  "cultivated  crops."  Cultivation  cannot 
therefore  hold  in  check  troublesome  weeds  as  is  done  In  the  smaller  farms 
of  the  older  States.  Hence  the  great  abundance  of  the  yellow  pest  through 
the  older  parts  of  the  Dakotas  is  actually  startling  to  a  stranger  from  In- 
diana or  Illinois. 

One  large  land-owner  in  an  effort  to  rid  his  ranch  of  mustard,  two 
years  ago  si)ent  a  hundred  dollars  in  pulling  the  weed.  A  year  ago  he 
doubled  his  exiienditures  in  this  work;  but  had  to  acknowledge  finally 
that  it  seemed  as  though  no  matter  how  careful  and  clean  his  methods  of 
farming,  for  years  to  come  lie  might  have  to  continually  increase  his  ap- 
propriation in  geometrical  ratio  l)efore  he  could  ullimately  hojie  to  conquer 
the  pest. 

It  may  be  of  some  interest  to  the  members  of  the  Academy  to  hear  a 
brief  account  of  some  of  the  experiments  conducted  by  the  writer  during 
the  past  summer  in  trying  to  eradicate  mustard  and  other  weeds  in  grain 
fields.  Similar  experiments  had  already  been  performed  in  North  Da- 
kota, Canada,  Minnesota,  Wisconsin,  and  other  western  States,  so  that 
the  results  obtained  in  South  Dakota  are  in  the  main  corroboratory. 

The  method,  in  brief,  is  this:  The  grain  field  is  carefully  gone  over 
with  a  traction  spraying  machine,  and  sprayed  thoroughly  with  a  strong 
solution  (about  20  per  cent.)  of  iron  sulphate  (or  copperas).  The  ma- 
chine used  in  our  experiments  covered  a  swath  about  twenty-five  feet  wide 
and  threw  a  very  fine  and  powerful  spray,  under  a  pi-essure  of  from  80 
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to  too  iK>iinds,  directly  down  on  to  the  young  mustard  and  j?rain.  Twenty- 
five  acres  were  easily  covered  in  five  hours,  so  that  under  favorable  con- 
ditions, 40  to  50  acres  could  l>e  readily  sprajvd  in  one  day.  The  sprayiuf; 
is  l)est  done  when  the  ^rain  and  wee<ls  are  from  (>  to  10  inches  high,  or 
just  before  the  mustard  plants  begin  to  bloom. 

Further,  it  is  highly  important  that  tlie  spraying  be  done  during  favor- 
able weather.  The  great  imi)ortance  of  this  will  be  seen  when  we  come  to 
consider  the  physiologicjil  side  of  the  problem.  The  best  time  for  the  mo«t 
successful  work  is  just  after  the  dew  is  off,  on  a  bright,  sunshiny  day.  A 
little  Dakota  wind  also  helps  the  i)nK'ess;  but  if  a  rain  soon  follow^s,  tlie 
iron  salt  is  washed  off  and  the  work  comes  to  naught. 

Now  if  we  keep  close  watch  of  the  plants  sprayed  we  can  readily  fol- 
low the  various  steps  of  the  destructive  action  of  the  salt.  First,  the 
sulphate  dries  on  the  leaves,  leaving  minute,  whitish  flakes  on  the  surface. 
Next,  we  note  after  two  or  tliree  hours,  i>articularly  in  the  case  of  such 
succulent  plants  as  mustard,  the  apiiearance  of  many  scattered,  more  or 
less  transluwnt,  sunken  areas  on  the  leaves.  The  leaves  by  this  time  ap- 
pear to  be  somewhat  wilted  and  the  whole  plant  looks  somewhat  sick. 
Two  or  three  hours  later,  close  examination  reveals  the  next  step  of  the 
process,  in  the  gradual  blackening  of  the  sunken  areas.  The  mieroseoiJe 
shows  this  to  be  due  to  the  blackening  of  the  cell  contents  of  the  shrunken 
cells.  Further  wilting  and  drying  u]>  of  the  leaves  is  soon  followed,  in  24 
hours  or  so,  by  their  complete  death.  In  a  few  days  to  a  week,  most  of 
the  nmstard  leaves  have  fallen  off,  or  remain  as  dry,  withered  remnants 
on  the  dead  stems.  Occasionally  a  leaf  may  make  a  weak  revival ;  or  a 
plant  here  and  there  may  make  a  futile  effort  at  flowering  and  seed  pro- 
duction. But  if  the  work  is  tiioroughl^v  done,  but  few  weeds  survive.  1 
have  seen  nmstard  so  thick  as  to  approximate  100  plants  to  the  square 
f(H)t,  all  totally  dcstr'>yed  by  effective  spraying. 

After  following  the  above  description  of  the  various  stei)s  in  the  a\y 
I)earance  of  a  sprayed  leaf  the  interpretation  of  the  physiological  action 
of  the  sulphate  seems  clear.  First,  the  salt  drying  in  minute  flakes  on 
the  surface  of  th(»  leaf,  undoubt(Mlly  acts  as  a  strong  plasmolyzlng  agent 
to  draw  the  water  out  of  the  otMls  with  which  it  is  In  Immediate  contact 
Tlius  results  the  scattcrcnl.  translucent,  sunken  areas,  merely  from  plaa- 
molysis  of  thost*  regions  by  the  overlying  salt.  This  plasmolysls  Is  par- 
ticularly striking  in  the  case  of  the  ragweed,  which  resiK>nds  to  the  action 
o^  the  sulphate  even  more  quickly  than  does  mustard  or  other  weeds  In- 
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vestigated.  A  sprayed  solution  of  common  salt  apparently  acts  likewise, 
first  as  a  strongly  plasmolyzlng  agent,  but  its  action  is  even  quicker  than 
that  of  the  sulphate,  plasmolysls  resulting  even  in  from  10  to  15  minutes 
after  the  application  of  the  spray.  Wilting  of  the  entire  leaf  soon  follows, 
due  to  general  withdrawal  of  water,  to  he  succeeded  in  a  few  hours  by 
the  blackening  of  the  protoplasm  of  the  plasmolyzed  cells.  This  blacken- 
ing Is  quite  probably  due  to  the  formation  of  sulphides  by  the  union  of 
the  absorbed  iron  sulphate  with  the  protoplasm.  After  the  use  of  common 
salt,  on  the  other  hand,  the  plasmolyzed  six>ts  turn  reddish  brown ;  possi- 
bly chlorides  of  some  sort,  formed  in  the  killed  protoplasm,  may  be  re- 
sponsible for  the  color  in  this  Instance. 

It  seems  clear,  then,  that  the  action  of  the  salts  in  killing  the  weeds 
In  these  experiments  Is  due  primarily  to  their  osmotic  properties  rather 
than  to  their  toxic  properties ;  although  it  may  well  be  that  chemical  action 
also  may  enter  In  after  the  first  steps  in  the  process  and  may  contribute 
toward  the  death  of  the  plants. 

One  of  the  most  interesting  sides  of  the  whole  problem  of  spraying 
for  weed  destruction  Is  the  fact  that  while  mustard,  ragweed  and  most 
other  common  weeds  are  for  the  most  part  totally  destroyed,  the  wheat, 
oats,  flax,  etc.,  are  themselves  but  little  injured.  This  sounds  almost  un- 
belleyable — much  like  a  patent  medicine  advertisement.  In  fact.  But  it 
is  nevertheless  true  that  the  grain  soon  recovers  from  the  effects  of  the 
treatment;  and  further,  Prof.  Bolley's  statement  seems  true,  that  the 
sprayed  field  often  yields  as  much  as  one-third  more  grain  than  the  un- 
sprayed. 

A  little  examination  of  the  sprajied  field  soon  shows  to  what  the 
grasses  and  grains  owe  their  peculiar  protection  from  serious  injury.  It 
is  true  that  the  tips  of  the  young  wheat  leaves  are  blackened  and  killed; 
but  It  will  be  remembered  that,  when  the  plants  are  only  six  inches  to  a 
foot  In  height,  the  bases  of  most  of  the  leaves  are  amply  protected,  en- 
wrapped within  the  sheaths  and  lower  leaves.  Their  freedom  from  injury 
arises,  therefore.  In  the  main  from  the  method  of  indeterminate  growth 
of  grains  and  grasses.  The  waxy  bloom  which  covers  flax  and  many  of 
the  grains  must  also  contribute  considerable  protection  against  injury, 
since  the  minute  droplets  of  salt  solution  do  not  adhere  readily  to  such  a 
surface. 
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The  Meyer  Molecular  Weight  Calculation. 


Hy  Percy  N.  Kvans. 


Ill  tlie  Victor  Meyer  iiietliod  of  dt'tt'rniiniiijLC  nujieoular  weights  of 
v;iiK>rizal)lo  substances,  as  usually  carried  out,  the  material  is  converted 
into  vapor  at  tlie  bottom  of  tlie  inner  tube,  tlie  latter  lK»injf  kept  at  a  con- 
stant temperature  at  least  twenty  de|j:ri»es  above  the  boiling  iM)int  of  the 
substance  by  keeping  a  suitable  liquid  in  the  outer  jacket  steadily  boiling. 
When  the  valorizing  occurs,  a  quantity  of  air  eciual  to  the  increase  in  vol- 
ume is  forced  out  from  the  ui)i)er  part  of  tlie  inner  tube,  through  the  lateral 
capillary,  and  collecttnl  over  water  in  a  eudiometer.  It  is  assumed  that 
this  increase  in  total  volume  is  the  voIuuhj  of  the  vaiKU*;  it  would  be  nioi« 
corr(»et  to  deduct  fnun  this  volume  that  ot  the  original  litiuid.  but  failure 
to  do  so  introduces  an  error  of  usually  only  one  part  in  two  hundred  or 
more,  and  this  may  bo  considered  negligible  in  view  of  unavoidable  ex- 
IKTi mental  inaccuracies. 

In  passing  from  the  heated  tul)e  to  the  eudiometer  the  temperature 
of  the  air  changes  to  that  of  the  room,  with  a  corrt»si>onding  volume 
change;  it  is  assumed  that  the  vapor  would  undergo  the  same  change  in 
volume  If  reduced  to  the  sjinie  temperature  without  condensation,  since 
all  gases  and  vapors  show  a  nearly  identical  behavior  with  changes  in 
temperature. 

After  ]mssiiig  into  tli»  eudiom(»ter  the  air  is  Siiturated  with  water 
vaiK)r.  If  the  air  in  the  inner  tuln»  at  the  beginning  of  the  exiK»riment 
is  already  saturateil  with  moisture  at  room  temperature  no  change  in 
the  degree  of  moistness  results,  and  heiut*  no  change  in  volume  due  to 
this  cause.  It  would  therefore  be  incorrtnt  in  calculating  the  volume  of 
air  inider  standard  conditions  to  deduct  from  the  obsi*rved  barometer  read- 
ing the  tension  of  aqueous  vap<>r. 

If,  on  the  otiier  hand,  the  air  in  the  apparatus  had  Immmi  perfectly 
dry  its  volume  is  Increased  by  its  becoming  saturated  with  moisture,  and 
this  should  be  allowed  for  by  deducting  the  tension  of  aqueous  vajior  from 
the  barometer  reading. 

If.  lastly,  the  air  in  the  ai>paratus  at  tlie  beginning  of  the  exi>eriment 
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is  neither  witurated  at  room  temperature  nor  iwrfectly  dry.  the  change 
in  the  depree  of  moistness  of  the  air  on  becoming  saturated  is  what  the 
air  originally  lacked  of  being  saturated.  The  approi)riate  correction  to 
Introduce  is  that  fraction  of  the  tension  of  aqueous  vajwr  for  the  room 
temi^erature  which  it  lacked  of  saturation.  Supi)ose  the  apparatus  was 
originally  tilled  with  the  air  of  tlie  room,  and  that  it  was  forty  per  cent. 
Naturated  at  room  temperature,  sixty  one-hundredths  of  the  tension  of 
a<iu(*ous  vapor  is  the  number  to  Ik*  subtractetl  from  the  observed  barometer 

reading;   the  corrected  reading  is  B ^^ —  w,  in  which  B  is  the 

barometer  reading,  H  is  the  hygrometer  reading  in  i)er  cent.,  and  w  is 
the  tension  of  acpieous  vai)or  for  the  room  tem|Kn'ature. 

Nearly  all  works  accessible  to  the  author  give  such  directions  for  the 
manii)ulation  as  involve  the  use  of  the  air  of  the  room  in  the  inner  tube, 
yet  give  for  the  cjilculation  the  correction  B-w.  The  error  intn)duc<»d  in 
ttiis  way  would  be  greatest  if  the  air  were  sjiturated  with  moisture,  and 
wt)uld  then  amount  at  a  nmm  temi)erature  of  2<)  deg.  C  to  17  In  aiiproxi- 
mately  7(»0,  or  1  in  about  45,  and  this  condition  is  closely  approjiched  in 
damp,  warm  weather.  Omitting  the  correction  altogether  when  the  air 
used  is  nearly  dry  gi\'es  an  equal  error  In  the  opiK)site  direction,  approxi- 
mated in  very  cold  weather. 

A  quite  appreciable  error,  then,  may  be  avoided  and  the  calculation 
made  more  nearly  correct  theoretically  by  using  the  correction  given  above. 

Of  the  works  accessible  to  the  author  only  II.  Erdmann*s  Anorganlsche 
Chemle  discusses  the  correction.  dirtx*ting  that  if  the  apparatus  is  filled 
with  a  dried  gas  the  tension  of  aqueous  vapor  should  be  deducted ;  if  with 
ordinary  air.  no  correction  should  be  made.  All  other  works  fall  to  con- 
sider the  iK)int,  some  deducting  the  tension,  others  not,  without  si)eclfying 
the  conditions. 
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Relation  of  Fats  to  Moisture  Content  of  Butter. 


By  O.  F.  Hunziker. 


IMPORTANCE  OF  MOISTURE  CONTENT  OF  BUTTER. 

The  two  principal  constituents  of  butter  are  tlie  fats  and  tlie  water. 
TIm»  average  sample  of  butter  contains  about  88.5  i)er  cent  fats  and  13.5 
per  c*ent  water;  tlie  remainder  l)eing  made  up  of  siilt,  curd,  ash,  sugar 
and  acid. 

The  more  water  butter  contain.**  the  iower  is  its  per  cent  of  fats,  and 
tlie  more  butter  can.  therefoiv,  be  made  from  a  given  amount  of  fats. 
It  did  not  take  the  alert  butter  maker,  the  CTeamery  operator,  the  com- 
mercial man  very  long  to  appreciate  the  financial  significance  of  this  fact. 
In  many  instances  the  process  of  butter  making  was  so  modified  as  to 
increase  the  per  cent  of  moisture  to  the  extent  where  as  high  as  130  to 
150  pounds  of  butter  were  made  from  100  i)ounds  of  fats,  while  under 
normal  conditions  100  pounds  of  fats  yiel<l  between  116  to  122  iK>unds  of 
butter.  The  result  was  that,  up  to  a  few  years  ago,  the  American  mar- 
kets were  flooded  with  water-soaked  butter. 

Butter  containing  an  excess  of  moisture  is  inferior  in  quality;  Its 
keeping  quality  is  poor  and  its  food  value  is  low.  So,  in  order  to  save  the 
butter  industry  of  the  country  from  certain  ruin  and  to  protet^t  the  con- 
sumer from  buying  his  drinking  water  in  the  form  of  water-soak«d  butter, 
a  law  was  pass€>d  by  act  of  Congress  In  1002  and  revlswl  in  lOtH.  classify- 
ing as  adulterated  butter  all  butter  containing  1(»  i)er  cent  or  more  of 
water  and  placing  a  fine  of  10  cents  \)er  pound  of  butter  and  a  special  tax 
of  $50  per  month  on  the  manufacturer  of  adulterated  butter. 

When  this  law  was  put  in  force  by  the  Internal  Revenue  Department 
It  was  found  that,  In  certain  localities  and  at  certain  seasons  of  the  yenv 
butter  makers  exi)erience<l  ditticulties  In  keeping  the  moisture  content 
below  the  legal  maximum  of  10  i)er  cent,  and  the  question  naturally  arose 
as  to  the  practicability  and  justice  of  this  standard  and  as  to  the  ad- 
visability of  modifying  It. 
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KX1»KIMMKNTS   ('ONCKUNIXCi   TIIK    FACTOUS    lXFLri:X('I.\<i    T!Ii: 

MOISTrRK   (H)XTKNT   OF    HI'TTKK. 

Aociirate  data  concerning  tlie  moisture  conttMit  of  l)nttcr  wore  ni(»aj;er. 
and  it  seemed  obvicms  tliat  tills  question  could  Im»  sjitisfactorily  8t»ttle<l 
only  by  uumns  of  careful  experiments.  So,  about  two  years  ago,  the  Dairy 
Department  at  Purdue  University  start^nl  investigations  concerning  the 
variations  of  the  moisture  content  of  butter  and  tiie  causes  of  these 
variations. 

Analyses  of  butter  of  the  Purdue  Creamery  and  of  about  30  creameries 
In  the  State  showeii  that  in  spring  and  early  sunnuer  there  was  a  rapid 
and  decided  increase  in  the  per  cent  of  water  in  butter.  Analyses  of  the 
comiKmition  of  the  butter  fats  in  the  same  butter  sliowed  a  decided  in- 
crease in  the  per  cent  of  volatile  and  soft  fats  (fats  of  a  low  meltln?: 
iwint)  and  a  corresponding  decrease  in  the  per  cent  of  hard  fats  in  spring 
and  early  summer. 

These  results  suggested  the  possibility  that  the  conH)osition  of  thv» 
fats  may,  in  a  measure,  control  the  per  cent  of  moisture  incorporated  in 
butter.  On  the  strength  of  this  af^umption  the  pure  butter  fat  was  ex- 
tracted from  various  lots  of  butter,  and  by  means  of  fractional  crystalliza- 
tion at  different  temi)erature8  the  soft  and  the  hard  fats  were  separated 
from  one  another  as  completely  as  was  possible  with  this  method.  The 
two  classes  of  fats  were  then  churned  separately  and  under  identical  con- 
dititms  as  to  the  moisture  present  and  temperature.  The  analyses  of  these 
churnings  showtHl  that  the  butter  made  from  the  soft  fats  contalne<l  about 
50  |)er  cent  more  water  than  the  butter  made  from  the  hard  fats. 

The  unlfonnity  of  tho  results  of  rei>eated  ex|)eriments  justified  the 
conclusion  that,  other  conditions  l>elng  iMiual.  the  relation  of  soft  to  hard 
fats  control le<l  the  molstuiv  (uMitent  of  butter. 

EXPKUIMEXTS    CONC^EUXINO    TIIE    TAVSES    OF    VAUIATIONS    IX 
TIIE   PEU   CEXT  OF  VOLATILE,   SOF^^  AND   HAKD  FATS. 

The  results  just  descrllKHl  naturally  lead  to  the  question.  What  are 
the  causes  uncUTlying  the  variation  In  the  proportion  of  soft  and  hard 
fats? 

It  is  an  established  fact  that  certain  feeils.  when  fed  In  excess,  liave 
a  tendency  to  pr(Hluc<»  an  excess  of  soft  or  hard  fats  In  butter.  Thus, 
for  Instancts  cotton-siHHl  im»al,  bran,  corn,  overri|H»  fodders,  etc.,  tend  to 
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iucrease  the  per  cent  of  hard  fats,  while  linsoed  meal,  gluten  feeds,  succu- 
lent pasture  grasses,  etc.,  are  conducive  to  raising  the  per  cent  of  soft  fats. 
It  is  by  no  means  established,  however,  that  the  feed  is  the  only  nor  even 
the  chief  factor  controlling  the  projwrtion  of  fats  in  milk.  Thus  at  the 
time  when  the  soft  fats  Increase  in  milk  and  butter  produced  in  this  sec- 
tion of  the  country  most  of  the  cows  are  fresh,  and  it  is  quite  possible 
that  the  period  of  lactation  exerts  an  important  influence  on  the  fata 
It  was,  therefore,  deemed  expedient  to  investigate  in  how  far  the  period 
of  lactation  does  affect  the  fats  in  milk. 

Three  cows  of  the  university  herd  were  selected  and  fed  during  their 
resi>ective  periods  of  lactation  on  an  uniform  ration,  evading  such  feeds 
as  would  tend  to  materially  influence  the  hard  or  soft  fats.  The  milk 
from  each  cow  was  separated,  the  cream  ripened  and  churned  separately, 
and  the  butter  analyzed  for  volatile,  soft  and  hard  fats. 

The  generally  accepted  classification  of  milk  fats  is  as  follows: 

Glyoeride-ofj-    I^arfa-J^'i^S"" '"*'"• 

The  glycerides  of  the  insoluble  fatty  acids  are  subdivided  into  hard 
and  soft  fats.  The  dairy  literature,  in  dealing  with  the  soft  fats  and 
their  relation  to  the  melting  point  of  butter,  gives  consideration  to  the 
glycerides  of  the  insoluble  fatty  acids  alone.  Inasmuch  as  the  glycerides 
of  the  volatile  or  soluble  fatty  acids  have  a  very  low  melting  point  as 
compared  with  that  of  insoluble  fats,  a  comparatively  slight  change  in 
the  per  cent  of  the  volatile  fatty  acids  must  greatly  influence  the  hardness 
or  softness,  as  well  as  the  melting  point  of  butter.  In  determining  the 
variations  of  the  soft  fats  in  butter  it  is  necessary,  therefore,  to  take  into 
consideration  the  soluble  as  well  as  the  insoluble  fats. 

The  following  charts  show  the  results  of  analyses  of  butter  made 
from  the  milk  of  the  three  cows  under  experiment: 
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TaBI.K   1.--C0Wi»  1  AND  2. 

SHOWING  THE  EFFECT  OF  THE  PERIOD  OF  LACTATION  ON  THE  MILK  FATS 


TIME. 


iKt  month 
2d  month 
34  month 
4th  month 
fith  month 
Otb  month 
7th  month 
8th  month 
9th  month 
10th  month 


Ilelchert- 

Meiaal 

Number. 


32.41 
29.48 
29  95 
29.97 
29.66 
29.21 
28.06 
25.32 
25.45 
27.45 


Soluble 
Acivlfl. 


7.39 
7.07 
7.06 
7.11 
7.00 
6.82 
6.45 
5.84 
6.01 
6  26 


Insoluble 
Acids. 


87.26 

87.99 

87.90 

87.72 

87.72 

88.19 

88.4 

88.6 

88.5 

88.1 


Iodine 
Number. 


29.96 

30  05 

29.98 

30.16 

31.88 

34.54 

36.15 

38.20 

36.4 

34.21 


Melting 
Point. 


36.2 
36.1 
36.4 
36.3 
35.9 
34.4 
35.0 
35.4 
35.5 
34. 2 


Table  II.— Cow  3. 
SHOWINC.  EFFECT  OF  THE  PERIOD  OF  LACTATION  ON  THE  MILK  F.\TS. 


TIME. 


1st  month. 

2d  month. 

3d   month. 

4th  month . 

5th  month . 

6th  month . 

7th  month . 

8th  month . 

9th  nwnth . 
10th  month . 
11th  month . 
12th  month . 


Reichert- 

Meisal 
Number. 


Inscduble 
Acidn. 


86.76 
86.74 
86.99 
86.95 
87.10 
86.91 
86.99 
87.41 
87.50 
87.46 
88.20 
87.69 


34  20 

34.25 

33.36 

33.83 

32.73 

31.02 

33  32 

33.50 

34.05 

33  22 

35.8 

32.05 


MdUng 
Point. 


34.1 

34.2 

34.3 

34.0 

33.5 

33.7 

34.0 

33.02 

33.9 

33.8 

34.5 

34.3 
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These  charts  bring  out  the  following  facts: 

1.  The  Relchert-Melssl  number  and  the  per  cent  of  soluble  fatty  acids 
were  highest  at  the  beginning  of  the  period  of  lactation;  slight  irregu- 
larities exc*epted,  they  decreased  as  the  |)eriod  of  lactation  advanced  and 
were  lowest  towards  the  close  of  the  pericnl  of  lactation. 

2.  The  insoluble  fatty  acids  were  lowest  at  the  l)eginning,  gradually 
increasing  during  and  were  highest  at  the  end  of  the  iKjriod  of  lactation. 

3.  The  fact  that  tlw^  Reichert-Meissl  Number,  the  soluble  and  the 
insoluble  fatty  acids  bear  a  definite  relation  to  one  another  shows  clearly 
that  the  per  cent  of  soluble  and  insoluble  acids  is  affected  by  the  period 
of  lactation,  and  that  the  soluble,  acids  decrease  while  the  insoluble  acids 
increase  as  the  period  of  lactation  advances. 

4.  The  results  concerning  the  iodine  number  are  Irregular,  and,  con- 
sidering the  relatively  small  number  of  data,  do  not  warrant  the  drawing 
of  definite  conclusicms  as  to  the  effect  of  the  i)erlod  of  lactation  on  the 
\Hir  cent  of  olein  in  butter. 

5.  The  relation  of  the  pc»r  wnt  of  soluble  fats  and  olein  to  the  melt- 
ing point  emphasizes  that  the  olein  Is  not  the  only  factor  controlling  the 
melting  i>oint  or  softness  of  butter,  but  that  the  volatile  or  soluble  fats 
play  a  part  in  the  determination  of  the  softness  of  butter. 
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The  Use  of  the  Polariscope  in  Testing  High  Tension 

Insulators. 


By  C.  Francis  IIardino. 


It  has  long  been  known  that  dass  internally  strained,  wlien  phiced 
In  a  polariscoi)e  in  the  i>ath  of  polariztnl  Uplit  produces  upon  the  screen 
a  chromatic  eftec^t,  and  that  the  colors  thus  produced  rotate  across  the 
field  as  the  analyzer  of  the  polari8coi>e  is  rotated.  If,  however,  this 
peculiarity  of  glass  has  ever  been  put  to  practical  use  along  engineering 
lines,  such  usage  has  not  been  common  and  its  results  have  not  been  made 
accessible. 

Without  going  deoi)ly  into  the  theory  of  the  action  of  polarized  light 
ui)on  crystalline  bodies  or  the  similar  phenomenon  produced  by  the  action 
nf  polarized  light  upon  the  imaginary  planes  into  which  the  molecules  are 
forc»ed  to  arrange  themselves  within  glass  subjected  to  internal  stresses, 
the  writer  has  found  the  above  mentioned  color  rotation  in  glass  which 
is  internally  strained  of  the  utmost  value  in  testing  glass  insulators.  Any 
ordinary  piece  of  glass  which  shows  no  color  rotation  in  the  iwlariscope. 
wlien  compressed  in  a  vise  or  clamp  and  sul)jecte<l  again  to  the  polarized 
light  test  exhibits  streaks  of  purple  an<l  brown  radiating  fnmi  the  points 
where  the  pressui^  is  applknl.  The  greatt»r  tlie  i)ressure  the  brighter  and 
more  far-reaching  the  color  effects  stvm  to  Ik*,  and  when  the  analyzer  is 
turned  each  color  field  s(»ems  to  rotate  almut  the  point  of  application  of  the 
compressing  force  as  a  center.  Similarly  If  a  plwe  of  ordinary  glass 
showing  no  such  effect  be  Incited  to  a  molten  state  and  allowed  to  cool 
suddenly,  the  Internal  stresses  due  to  irregular  and  umiiual  cooling  will 
produce  similar  color  rotation  upon  the  screen. 

With  these  facts  at  hand,  several  high  tensicm  glass  Insulators  of 
different  makes  designed  for  a  ,*J.*5.<X)0  volt  transmission  line  were  sub- 
jected to  the  i>olarized  light  test.  Those  of  the  No.  1  type,  manufactured 
by  one  company,  showed  no  color  rotation  In  any  i)ortlon,  while  those  of 
tyi>e  No.  2,  designed  and  manufactureil  by  another  company  for  the  same 
service,  showed  very  marked  effects.  Sonu*  of  the  latter  showed  results 
more  marked  than  others.     In  some  the  principal   peculiarity  noticeable 
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was  the  huk  of  uniform  dnrkenlnjc  aiicl  lighting  of  the  entire  field  in'ojtM-tiMl 
ui)on  the  screen  as  tlie  analyzer  was  turiuHl;  while  in  others,  especially 
in  those  that  were  whole,  brij^ht  streaks  of  violet,  inin^l^*  JUid  brown  were 
seen,  and^  found  to  rotate  as  the  analyx^^r  was  rotattnl.  In  some  cases 
these  colored  streaks  were  radial,  and  in  still  (►thei's  tiiey  formed  con- 
centric rinps  about  the  knol)  of  the  insulator  as  a  center.  In  order 
to  prove  more  conclusively  that  these  phenomena  weiv  cause<l  by  internal 
stresses,  which  were  in  turn  pnxluced  by  i>oor  annealing;,  a  i)orHon  of  in- 
sulator No.  1,  which  showetl  no  initial  color  rotation,  was  pcM^rly  annealed, 
and  when  testeil  again  in  the  polariscoiM*  the  color  rotation  effect  was 
found  to  have  been  introduced.  Conversely  when  a  i)ortion  of  insulator 
No.  2  was  properly  annealed  the  color  rotati(m  initially  present  was  found 
to  have  disappeai-ed. 

The  insulators  which  were  first  testnl  were  thosi*  which  had  actually 
broken  while  in  service  uiK)n  the  line,  tiie  parts  of  which  were  found  on 
tlie  ground  near  tlie  iK)Ies  where  they  were  formerly  installed.  When 
later  whole  insulators  of  the  same  lot  were  tested  it  was  found  that  in 
(he  latter  tlie  stresses  were  nmch  more  marked  than  in  the  broken  parts. 
This  fact  caused  the  writer  to  8usi>ei't  tliat  some  of  the  internal  stresses 
produced  by  |)oor  annealing  were  relieved  by  the  breaking  of  tlie  insulator, 
and  to  test  this  belief  a  whole  insulator  showing  very  marked  color  rota- 
tion was  broken  and  the  various  parts  place<l  in  the  iK)iariscoiK»  for  in- 
sijection.  It  was  found  that  in  Rplte  of  the  fact  that  the  same  portion  of 
the  insulator  which  showt»d  the  most  marked  stresses  was  used  when 
broken  out,  practically  all  the  color  rotation  had  been  eliminated,  although 
the  stresses  were  still  pri*sent  to  a  less  degree  in  the  remainder  of  the 
insulator.  In  turn  each  quadrant  of  the  umbrella  of  the  insulator  was 
broken  out,  and  in  each  case  the  stresses  were  found  to  have  been  either 
rtMlu<*ed  to  a  mininnnn  or  entirely  eliminated.  A  further  prcmf  of  the  poor 
annealing  was  found  in  the  fact  that  in  in.sulators  where  the  greatest 
stres.s<»s  were  present  the  umbrella  shivered  to  bits  when  broken;  while 
frotn  insulators  showing  less(»r  stn»sses  ji  whole  (pnidrant  could  Ixe  broken 
out  in  a  single  pitne. 

Altliough  it  is  very  probable  that  insulators  which  are  improiK*rly 
anneahHl  fail  in  service  because*  of  sudden  tenuieratune  changes  due  to  the 
weather  and  leakage  of  current  over  their  surface,  it  seemed  advisable  to 
slw)w,  if  iK)ssibh\  what  effiH.t,  if  any,  the  internal  stresses  had  uytou  the 
mechanical   strength  of  the   insulator  in  order  to  determine  whether  tlie 
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I)ossil)le  unoQunl  strain  from  the  lino  wire  oonld  l>e  considered  a  cause 
for  i)realvaj?e.  Only  four  wiiole  insulators  were  available  for  tliis  test, 
two  of  wlilcli  liad  nmrk(»d  internal  stresses,  while  in  the  other  two  the 
stresses  were  almost  negligible.  The  insulatoT*s  were  broken  by  placing 
them  upon  an  iron  pin  as  in  service  jnid  by  exerting  a  strain  uiK>n  them 
in  the  direction  of  the  line  wire.  One  insulator  which  was  iKwrly  an- 
nealed broke  at  9(50  pounds,  while  tlie  others  failcKl  at  1.81)0.  1,075  and 
2.220  pounds  resi)ectively.  the  latter  being  one  which  was  also  i^oorly  an- 
nealed. While  this  tc»st  did  not  show  very  conclusively  that  the  i)oorly 
annealed  Insulators  were  weak  mechanically.  It  Is  believed  that  If  the 
l)ull  in  the  latter  case,  could  have  been  In  such  a  direction  as  to  cause  the 
Insulator  to  break  along  strained  internal  planes  as  was  probably  the  case 
In  the  first  test,  the  latter  insulator  as  well  would  have  been  found  to 
have  been  weak  mechanically.  For  conclusive  evidence  of  this  fact,  how- 
ever, a  much  larger  number  of  tests  shcmld  be  available. 

It  will  l)e  seen  from  the  foregoing,  therefore,  that  a  very  i)ractical 
use  has  btHin  made  of  the  phenomenon  which  has  so  long  been  only  an  in- 
teresting physical  exi)eriment.  With  the  aid  of  the  iK)lari8CoiK?  it  Is  not 
only  possible  to  determine  some  of  the  causes  for  the  unsatisfactory  service* 
given  by  certain  glass  insulators,  but  it  Is  also  i)o«slble  to  make  i>rellmlnary 
acceptance  tests  ujwn  m»w^  insulators  and  to  eliminate  all  of  those  which 
show  signs  of  improi)er  annealing  and  which  for  this  reason  would  be  un- 
desirable for  installati(m  where  they  nmst  Ik»  subjected,  not  only  to  severe 
electrical  and  mwhanical  strains,  but  also  to  vibration  and  sudden  tem- 
perature changes.  Although  porcelain  is  rai)idly  supplanting  glass  for 
high  tension  insulators,  it  is  exiHH'ted  that  this  method  of  test  will  be  used 
in  the  future  to  advantage  and  that  it  will  prove  of  equal,  if  not  greater 
value,  than  It  has  In  this  particular  instance. 
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Some  Contributions  to  the  Chemistky  of  Mucoid. 


By  Cijvhence  E.  May. 


In  Physiological  Cliomistry,  one  meets  with  a  proteid  that  has  been 
receiving  more  or  less  attention  for  sevi^ral  years  past.  This  proteid  is 
classed  among  the  glyco-albumins  and  mrurs  esjiecially  in  ligaments  and 
tendons.  Heretofore,  the  main  problem  conne<*ted  with  the  chemistry  of 
this  substance  or  group  of  very  closely  related  substances,  as  the  case  may 
be,  has  been  the  quantitative  separation  of  the  mucoid  from  mixtures  of 
albumin  such  as  blood  and  egg  albumin,  ami  mucoid.  The  usual  method 
of  separation  has  been  to  boil  the  neutral  solution  of  true  albumin  and 
mucoid,  thereby  coagulating  the  blood  or  egg  albumin  and  leaving  the  mu- 
coid In  the  tiltrate.  By  acidifying  the  filtrate,  it  yielded  the  mucoid  as  a 
flocculent  precipitate  which  could  be  filtered  and  then  welghe<l. 

The  purpose  of  this  work  was  to  ascertain  first,  whether  mucoid  was 
completely  i)recipitated  by  the  addition  of  a  slight  excess  of  dilute  add 
to  the  mucoid  solution  (the  solvent  being  half-saturated  lime  water). 
Secondly,  we  wished  to  find  out  whether  albumins  were  precipitated  from 
a  mixture  of  albumin  and  mucoid,  by  acidifying  the  mixture  in  the  cold. 
Thirdly,  we  wished  to  ascertain  whether  mucoid  coagulated  by  being  boiled 
in  a  ntnitral  solution  in  the  presence  of  neutral  salts.  And  lastly,  we  wished 
to  see  whether  the  various  precipitations  of  the  mucoid  siunple  showed  any 
differences  in  nitrogen  content;  in  other  words  we  desired  to  examine  the 
homogeneity  of  the  various  acid  precipitates. 

The  mucoid  used  was  from  several  beef  tendons  (Achilles),  and  was 
prepared  by  removing  all  water-soluble  proteids  by  careful  washing  of  the 
tendons  in  tap  water.  The  tendons  were  then  cut  Into  thin  slices  timns- 
versly  and  again  thoroughly  washed  with  cold  water.  The  next  treatment 
was  to  allow  the  slices  of  tendon  to  extract  with  half-saturated  litie  water 
for  a  day.  This  extract  was  filtered  and  made  slightly  acid  with  .2  per 
cent,  hydrochloric  acid,  using  litmus  paper  as  indicator.  The  solution, 
with  a  casein-like  i)recipitate  was  allowed  to  stand  a  short  time  when  the 
precipitate  flocked  together  and  settled  to  the  bottom  of  the  container,  leav- 
fng  a  perfectly  ck»ar  supernatant  liquid. 
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The  filterod  rcsiduo  was  dissolved  in  ha  If -saturated  lime  water,  Al- 
tered thronj?h  silk  and  ajifaln  precipitated  with  an  excess  of  .2  {rev  ceut. 
HCl.  This  i)recipitatioii  and  solution  alternation  was  continued  until  the 
eighth  i)riecii)itation,  when  this  precipitate  wjis  filtered  hy  decantation 
and  the  residue  was  thorouglily  dritnl  by  standing;  with  absolute  alcohol. 
The  powdery  white  [)re<'ipitate  was  carefully  filtere<l  and  i)ulverized,  then 
further  dritnl  at  l()0-10r»**  C.  for  several  hours.  The  l)ottled  sanii)le  so  ob- 
tained was  ustHl  in  this  set  oJ*  exi)eriuient8. 

In  the  study  of  the  complete  precipitabllity  of  tendon-mucoid  by  means 
of  dilute  IlCl,  a  d€»flnite  amount  (2  grams)  of  the  dritnl  sample  was 
weighed  and  dissolved  in  a  mortar  with  the  least  (piantity  of  half-satu- 
rated lime  water  necessary,  about  300cc.  The  solution  was  then  flltered- 
through  silk  and  by  mejins  of  a  pii>otte,  e<nial  iK>rtions  of  the  filtrate  wH»re 
pemovtHl  to  resiHJctive  beakers  and  w^ere  preciiiitated  by  varying  amounts 
of  acid.  This  phase  of  the  acid  precipitation  was  subdivided  into  a  study 
of  the  effect  of  dilution  of  the  mucoid  and  the  effect  of  the  use  of  varying 
amounts  of  acid.  In  each  case  duplicate  che<?ks  were  carried  along  on  the 
amount  of  actual  mucoid  present  and  precii)itable  under  the  most  favorable 
conditions.  In  everj-  Insttince  the  mucoid  i)reclpltated  by  the  acyd  was 
filtered  on  weighed  papers,  dried  at  105**  C.  f(»r  several  hours  and  weighed 
on  the  paper.  The  pa|K*r  and  mucoid  were  then  ashe<l  and  the  ash  deducted 
from  the  original  weight  on  the  pa|K»r.  The  acid  filtnites,  usually  about 
250cc.  in  voium»\  were  iM>ured  into  about  five  liters  of  strong  alcohol,  al- 
lowed  to  stand  24-3(1  hours  and  filtered  on  weighed  papers.  The  jirecii)!- 
tates  were  washed  with  stroni:  alcohol,  dried  and  weighed ;  the  i>recipitate8 
and  pai)er8  were  burned  respevilvely.  and  the  ash,  ranging  from  a  few 
tenths  of  a  milligram  to  a  hundred  milligrams,  was  deducted  in  order  to 
get  a  value  for  ash-free  mucoid  material. 

As  results  of  an  extended  Investigation  of  the  deiwrtment  of  mucoid 
in  a  half-saturated  lime  water  solution,  with  .2  per  cent  IICl,  It  was  found 
that  not  all  the  nni<-old  was  i)recii»ltatiHl  under  the  best  conditions.  There 
was  always  10  to  20  iM'r  cent,  of  the  nmcold  precipitated  by  the  strong 
alcohol  treatment  and  part.  iM»rhaps  8  to  10  i)er  cent,  of  the  original  nuu'oid, 
was  not  pnH'lpitatcd  by  the  add  nor  alcohol  treatment.  It  was  found  that 
the  more  concentrate<l  the  solution  of  nuicoid,  the  more  comi)lete  was  the 
preciiiitation.  The  weaker  the  final  acidity  of  the  solution  was  with  .2 
per  cent.  IK 'I,  th<'  less  complete  the  precipitation.  Tlie  ht»st  ri'sults  were 
obtained   witli   a    half-saturated   lime   water   solution   saturated   with    the 
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mucoid  sample  (about  a  2  per  cent,  solution),  the  mixture  diluted  slightly 
aud  made  acid  enough  to  turn  fresh  litmus  paper  red  immediately.  This 
treatment  yielded  a  solution  that  filtered  readily  (an  item  of  vast  import- 
ance with  mucoid  and  other  gelatinous  solutions),  that  washed  rapidly 
and  gave  a  filtrate  yielding  the  minimum  quantity  of  mucoid  with  strong 
alcohol  treatment.  With  the  use  of  acetic  acid  instead  of  HCl,  much 
more  acid  was  required  to  precipitate  any  mucoid  at  all,  and  with  an 
excess  of  acetic  acid  the  results  were  very  unsatisfactory,  much  more  than 
with  even  a  little  dilute  HCl. 

In  testing  the  action  of  dilute  acid  on  a  mixture  of  albumin  and  mu- 
coid, the  details  were  as  follows:  A  standard  solution  of  mucoid  was 
made  and  equal  amounts  of  the  allcaline  solution  were  placed  in  each  of 
several  beakers.  The  actual  amount  of  mucoid  added  to  each  beaker  was 
determined  by  duplicate  checks.  To  the  various  l>eakers  containing  equal 
amounts  of  mucoid  diluted  to  the  same  volume,  varying  amounts  of  meat 
extract  were  added.  The  meat  extract  was  made  in  the  laboratory  by  ex- 
tracting fresh  meat  with  cold  water  and  filtering  the  proteid-bearlng  solu- 
tion through  silk.  Duplicates  were  run  on  the  meat  extract  and  also  on 
each  of  tlie  mixtures  of  meat  extract  and  mucoid.  For  preciptation,  the 
same  acidity  was  maintained  in  each  beaker  using  .2  per  cent.  HCl  as  the 
reagent. 

By  way  of  results,  although  the  meat  extract  alone  yielded  no  pre- 
cipitate in  the  cold,  it  was  found  that  wlien  mixed  with  mucoid,  practically 
all  the  mucoid  and  some  of  the  albumin  separated.  With  increased  non- 
mucoid  proteid  content,  the  weight  of  material  precipitated  by  .2  iier  cent. 
HCl  likewise  increased.  In  fact,  all  the  precipitates  from  the  meat  ex- 
tract-mucoid  mixture  weighed  more  than  the  amount  of  mucoid  which  the 
solution  was  known  to  contain.  All  the  precipitations  were  made  in  dupli- 
cate and  found  to  cheik  closely  with  each  other,  and  each  set  of  duplicates 
in  the  series  varied  api>roxlmately  the  same.  By  knowing  the  position  of 
the  set  of  duplic4ites  in  the  series,  one  could  closely  ai)i)roximate  the  ac- 
tual weight  before  weighing.  Tlie  experiments  showed  that  the  precipi- 
tation of  mucoid  in  the  presence  of  albumins  was  inaccurate  for  the  de- 
termination of  mucoid. 

Witli  the  coagulation  test  for  nuicoid,  the  general  opinion  is  that  mu- 
coid does  not  coagulate  on  boiling  a  neutral  solution  in  the  presence  of 
salts.  To  test  this,  a  solution  of  mucoid  was  prepared  by  rubbing  up 
about  10  grams  mucoid  in  a  mortar  with  about  a  liter  of  half-saturated 
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lime  water.  When  complete  solution  was  attained,  the  alkaline  solution 
was  carefully  neutralized  with  .2  per, cent.  HCl.  The  neutral  point  was 
determined  by  litmus  paiier  that  was  fresh  and  quite  sensitive.  No  mu- 
coid precipitated  in  the  neutral  solution,  but  it  was  strained  through  silk 
for  the  sake  of  uniformity  of  conditions.  Duplicate  samples  were  taken  to 
determine  the  mucoid  content  before  heating.  The  major  portion  of  the 
solution  was  gently  boiled  under  a  water  condenser.  Every  half  hour, 
about  100  cc.  of  the  solution  was  removed,  allowed  to  cool  rapidly  without 
any  loss  of  water  vapor,  filtered  and  duplicate  aliquot  portions  of  the  fil- 
trate were  used  for  acid  precipitation  of  the  mucoid  content. 

By  way  of  results,  it  was  noticed  that  continued  boiling  had  a  fatal 
effect  on  the  mucoid.  At  first  the  solution  became  turbid.  At  the  end  of 
the  first  half  hour's  heating,  there  was  a  nice  coagulum  in  the  solution. 
This  increased  gradually  until  about  the  fourth  hour,  when  there  was  a 
heavy  coagulum  throughout  the  solution.  During  the  process  of  continued 
heating,  the  solution  remained  neutral  without  the  addition  of  any  alkali 
or  acid.  The  longer  the  heating  continued,  the  more  rapidly  the  solution 
filtered.  The  first  few  filtrates  were  very  slightly  turbid,  but  the  tur- 
bidity gradually  decreased  to  water -clearness  In  the  last  few  filtrates. 

With  regard  to  the  filtrates,  on  treatment  with  dilute  acid  it  was 
found  that  with  the  initial  precipitations,  less  mucoid  was  recoverable 
than  was  obtained  from  the  unboiled  mucoid  solution.  The  amount  of 
mucoid  precipitated  gradually  decreased  as  the  experiment  advanced  and 
finally  filtrates  were  obtained  from  which  no  mucoid  could  be  precipitated 
with  an  excess  of  dilute  acid.  This  was  coincident  with  the  heavy  coagu- 
lum in  the  major  portion  of  the  solution.  This  experiment  seemed  to  show 
conclusively  that  mucoid  did  coagulate  on  heating  In  the  presence  of  neutral 
salts.  It  was  deemed  U8t»le8s  to  try  to  separate  a  coagulable  albumin  from 
mucoid  by  this  method. 

The  work  done  in  this  research  was  carried  out,  using  a  mucoid  sample 
that  had  been  jmrlfied  by  solution  in  alkali  and  precipitation  by  acid,  this 
alternation  for  eight  times.  To  test  whether  the  eighth  precipitate  might 
be  dlflfereut  from  the  sixth  or  tenth  precipitiite,  or  any  otlier  precipitate  in 
the  series,  about  20  prams  dry  mucoid  that  had  been  precipitated  probably 
twice,  were  dissolved  in  several  liters  of  ha  If -saturated  lime  water,  strained 
through  silk  and  preclpitate<l  with  a  slight  exc*ess  of  .2  per  cent.  HCl.  This 
was  filtered,  dissolved  and  pre<'ipitatefl,  the  whole  pnx^ess  being  n»peated 
flftec»n  times.    Samples  of  the  fifth,  tenth  and  fifteenth  precipitate  were  re- 
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moved,  partly  driod  hy  standing  In  absolute  alcohol,  filtered  and  dried  in 
an  oven  at  105°  C.  Duplicate  Kjeldalil  nitrogen  determinations  were  made 
on  each  of  the  resi)ective  precipitates.  Each  of  the  six  duplicates  were 
found  to  cliock  quite  closely,  thus  indicating  that  there  was  nothing  gained 
by  the  continued  solution  and  precipitation  of  the  mucoid.  Incidentally 
it  might  be  mentioned  that  there  was  mucoid  lost  at  each  precipitation  by 
incomplete  precipitation.  This  was  evident  from  the  fact  that  by  most 
careful  work,  starting  with  20  grams  mucoid,  It  was  only  ix)ssible  to  wind 
up  with  about  13  grams  actual  dry  mucoid. 

In  conclusion,  it  may  be  stated  that  tendon  mucoid  coagulates,  the 
amount  increasing  with  the  duration  of  boiling,  in  the  presence  of  neutral 
salts;  that  mucoid  is  not  completely  precipitated  by  an  excess  of  dilute 
acid;  that  in  a  mixture  of  albumin  and  mucoid,  most  of  the  mucoid  and 
part  of  the  albumin  are  precipitated  by  dilute  hydrochloric  acid  in  excess. 

As  for  a  remdy,  nothing  is  offered  as  yet,  but  this  work  seems  to  show 
that  the  older  methods  are  inaccurate. 

This  work  was  caiTled  on  largely  during  the  last  year  in  the  labora- 
tories of  the  College  of  Physicians  and  Surgeons,  Columbia  University. 
New  York,  where  the  author  was  associated  with  Dr.  William  J.  Gies,  and 
under  whose  supervision  the  details  were  worked  out.  Owing  to  the  non- 
I)osses8ion  of  the  actual  notes  at  present,  many  valuable  data  must  be  left 
out  of  this  paper,  but  every  statement  made  can  be  further  demonstrated 
by  experimental  data. 
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The  Estimation  of  Ijead  by  the  Titration  of  Lead  Cheo- 

MATE. 


By  W.  C.  Brooks. 


The  first  experiments  were  made  to  test  the  accuracy  of  the  method. 
Weighed  amounts  of  pure  lead  nitrate  were  dissolved  in  water  and  the  lead 
was  precipitated  by  potassium  dlchromate  in  slight  excess.  The  lead  chro- 
mate  w^as  filtered,  was  washed  and  was  dissolve*!  in  hydrochloric  acid. 
The  resulting  chromic  acid  was  determined  by  adding  potassium  iodide 
and  then  by  titrating  the  free  knline  with  sodium  thiosulphate.  The  re- 
sults of  several  titrations  are  given  below : 


Pb(N03)a 
Used.    Grams. 

0.2  Na,S,0, 
Used.     oc. 

LeadFonnd. 
Per  cent. 

Error. 

0.1 

1&16 

62.66 

+0.05 

0.1 

18.16 

62.66 

+0.05 

0.2 

86.85 

62.60 

+0.09 

0.2 

86.8 

62.65 

+0.04 

A  method  for  tlie  estimation  of  lead  in  ores  was  worked  out  from 
these  results.  Weigh  out  0.2  gms.  of  the  ore,  dissolve  in  10  to  15  cc.  of 
nitric  acid  ami  evaporate  almost  to  dryness.  Add  50  cc.  of  water  and  5 
gms.  of  ammonium  acetate  and  heat  to  boiling.  Precipitate  the  lead  from 
the  boiling  solution  with  a  slight  excess  of  i)otasslum  dlchromate.  Filter, 
wash  and  dissolve  the  precipitate  with  20  cc.  of  1 :1  hydrochloric  acid,  the 
solution  being  received  Into  the  original  beaker.  Dilute  the  solution  and 
wu)shlngs  to  150  cc,  add  0.3  to  0.5  gms.  of  poUisslum  Iodide  and  titrate  the 
Iodine  that  is  liberated  with  sodium  thiosulphate. 

The  only  element  that  has  been  found  to  Interfere  with  this  method  Is 
barium,  which  gives  high  results.  Exi)erlments  are  being  carried  on  to 
obtain  a  simple  means  of  removing  this  metal.  Although  the  work  upon 
this  method  Is  not  complete.  It  promises  to  become  an  accurate  and  a  rapid 
means  for  the  estimation  of  lead  In  the  presence  of  all  of  the  common 
elements. 
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An  Evolution  Method  for  the  Determination  of  Sulfur 

IN  Sulfides  and  Sulfates. 


By  Frank  C.  Mathers. 


The  object  of  this  research  was  to  devise  a  rapid  method  for  the 
estimatiou  of  sulfur  in  sulfates  and  sulfides,  especially  in  the  presence  of 
such  elements  as  molybdenum,  which  interfere  with  the  precipitation  of 
barium  sulfate.  The  idea  was  to  heat  the  material  with  some  metal  which 
would  reduce  all  of  the  oxidized  sulfur  and  then  combine  with  it  to  form 
a  sulfide.  The  rest  of  the  method  would  coincide  with  the  ordinary  volu- 
metric evolution  method  for  sulfur  in  iron  and  steel. 

Powdered  potassium  sulfate,  containing  18.39  per  cent,  of  sulfur,  was 
used  in  these  experiments.  In  each  experiment,  0.2  gm.  of  the  potassium 
sulfate  was  thoroughly  mixed  with  the  reducing  metal  and  was  placed  in 
a  crucible  which  was  heated.  Experiments  with  zinc  dust  as  a  reducing 
agent  showed  that  it  was  impossible  to  reduce  all  of  the  sulfate  at  low  tem- 
peratures and  that  at  higher  temperatures  some  sulfur  was  lost  by  volatili- 
zation along  with  the  zinc. 

Gms.  of  Zn  Per  cent,  of  S    Per  cent,  of  S  in 

Used.  Temperature.  Evolved.  the  Residae. 

3.0  Bonsen  bnmer,  6  minutes.  17.06  0.04 

3.0  Blast,  6  mlnntes.  17.20  0.11 

The  use  of  a  mixture  of  zinc  and  aluminum  gave  still  poorer  results. 
The  addition  of  bases  such  as  calcium  oxide,  calcium  carbonate,  sodium 
carbonate,  or  magneslnra  oxide  were  without  beneficial  effects.  The  use 
of  some  charcoal  did  not  help. 

Magnesium  turnings  gave  the  best  results.  To  prote<!t  the  porcelain 
crucibles,  they  were  partly  filled  with  1.5  gnis.  of  magnesium  oxide  and  a 
cavity  was  made  in  this  with  the  end  of  a  test  tulx\  The  charge  was  placed 
in  this  cavity  and  was  covered  with  0.5  gm.  of  magnesium  oxide.  The  por- 
celain crucibles,  with  well  fitting  lids,  wore  heated  for  5  minutes  with  a 
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Bunsen  flame.  A  number  of  good  results  were  obtained.  Small  amounts  of 
sulfur  remain  in  the  residue  in  the  evolution  flask.  The  amount  is  appar- 
ently not  constant  and  varies  from  0.3  to  0.5  per  cent. 

These  preliminary  experiments  have  so  far  been  just  successful  enough 
to  encourage  hoi)e  and  call  forth  more  work. 
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The  Destruction  of  Pi.attnum  CrucibltEs  Through  the 
Ignition  of  Magnf^ium  Ammonium  Phosphate. 


By  Robert  E.  Lyons. 


Platinum  Is  not  oxldizotl  In  tho  air  at  any  temi^erature,  nor  attacked 
by  any  single  acid,  yot  there  are  many  substances  that  attack  and  combine 
with  It  at  comparatively  low  temperatures. 

It  sometimes  hapi>ens  that  a  platinum  crwcible  is  cracked  or  is  fused 
through  during  the  burning  of  the  filter  pajier  containing  magnesium  am- 
monium phosphate,  or  during  the  final  ignition  re<iulr(Hl  to  convert  mag- 
nesium ammonium  phosphate  Into  magnesium  pyrophosi)hate.  This  has 
again  and  again  l>een  a  source  of  annoyance  and  expense  to  the  phosphate 
analyst.  The  break  down  of  the  crucible  Is  not  due  to  invisible  mechanical 
defects  in  the  crucible,  nor  to  the  quality  of  the  platinum  or  platinum  al- 
loy used  in  its  construction.  The  cause  of  these  occasional  accidents  is  to 
be  found  In  the  reduction  of  the  phosphate  through  incorrect  procedure  In 
burning  or  igniting  the  paper  in  connection  with  the  precipitate,  or,  Indi- 
rectly and  less  frequently,  by  failure  to  observe  the  well-established  condi- 
tions for  properly  precipitating  and  washing  magnesium  ammonium  phos- 
phate. 

The  direction  for  the  treatment  of  the  magnesium  ammonium  phos- 
phate residue  given  in  the  texts  and  handl>ooks,  at  the  disposal  of  the 
writer,  is  by  no  means  sufficient  to  enable  the  inexperienced  operator  to 
safely  use  a  platinum  vessel  In  this  oi^eratlon.  The  notes  on  the  use  and 
care  of  platinum  ware,  published  by  Baker  &  Co.,  Hera  ens  and  other 
platinum  smiths,  do  not  suggest  the  possibility  of  a  mishap  from  the  Igni- 
tion of  magnesium  ammonium  phosphate  In  a  platinum  crucible.  The  notes 
furnishetl  by  the  Bak<T  (\).  have  long  contained  the*  statement:  "Organic 
matter  containing  pliosphorous  should  not  be  ignit<Ml  in  platinum  dishes, 
as  it  affects  the  platinum  seriously."  This  "serhms  affect"  is  the  same  as 
that  noticed  occasionally  in  connection  with  the  ignition  of  magnesium 
ammonium  i»liosphate  in  platinum  crucibles,  and  Is  caused  by  the  combina- 
tion of  retluced  phosphorous  with  the  platinum,  forming  platinum  phosphide. 
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The  reduced  phosphorous  unites  with  platiuum  even  at  a  dull  red  heat 
(600**  C). 

The  extenuil  api)earanres  of  a  erucihle  which  has  suflfereA  such  an 
attacli  are  characteristic,  (^raclvs  of  varying  length  api)ear,  usually  in  the 
bottom,  but  sometimes  In  the  sides;  the  fractured  surfaces  are  distinctly 
crystalline;  the  e<lges  of  the  fractures  are  usually  raised  and  puffed  and 
at  times  present  umnistaliable  signs  of  fusion. 

Re<luced  phosphorous,  the  Immediate  cause  of  the  destruction  of  tlie 
crucible,  may  be  accounted  for  by  Inquiry  into  the  nature,  the  origin  and 
the  conditions  governing  the  de]K)rtment  of  reducing  agents  wiiich  could 
act  upon  magnesium  anunonium  i)hosphate  during  the  processes  of  incin- 
eration and  ignition. 

The  reduction  of  the  phosphate  may  be  due  to  any  or  all  of  the  fol- 
lowing : 

1.  Cari)on  from  the  imperfectly  ashed  filter  paper. 

2.  Annnonia  libt>rated  by  heat  from  magnesium  ammonium  i)hos- 
phate,  or  from  sodium  ammonium  phospiiate,  or  ammonium  piiosi)hate, 
which  nuiy  be  present  in  abnormal  amount  in  the  magnesium  prei'ipitate. 

3.  Hydrogen  from  the  dlBsociation  of  ammonia  at  the  high  temin^ra- 
ture,  and  also  from  the  incomplete  combustion  zone  of  tiie  gas  flame  by 
diffusion  through  the  platinum  crucible. t 

The  reduction  of  magnesium  pyrophosphate  by  carbon  l)egins  at  950° 
Cent,  and  becomes  violent  at  1,100  to  1,200°  Cent.l  The  reduction  by 
hydrogen  begins  somewhat  below  900°  Oentl  Dry  ammonia  gas  passed 
over  magnesium  pyrophosphate  heated  to  9i3<)°  Cent,  yields  i)h08i)hine  and 
red  phosphorous.|  The  destruction  of  the  ])latinum  ves8t»l  is  most  rapid 
when  the  rt»sidue  contains  free  ammonium  pliosphate,  wiilch  ui>on  fusion 
yields  most  of  its  ammonia  and  meta-piiotqihoric  acid.  Ammonium  phos- 
I>hate  heated  in  a  covered  platinum  crucible  to  700-800°  Cent,  causes  com- 
|)lete  destruction  of  the  vessel.  Holes  apijear  in  the  bottom  and  sides,  and 
the  lid  may  fuse.  Tlie  quantity  of  ammonia  from  tiie  magnesium  am- 
monium phosphate,  whicli  inis  been  properly  i)repared.  will  prove  destruc- 
tive only  under  esij<»ciaily  unfavorable  conditions,  e.  g.  very  rajiid  heating 
of  the  pliosphate  to  a  high  temperature. 

Strict  observance  of  the  following  Hunnuarlz(Hl  suggest  ions  will  insure 
the  safety  of  tlie  platinum  crucible  in  the  ignition  of  magnesium  ammonium 
phosphate : 


Zeitteh.  f.  aiiffew.  Ch. 
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1.  Precipitate  the  mngnosium  with  sodium  hydrogen  phosphate,  or 
with  ammonium  sodium  hydrogen  phosphate,  rather  than  with  ammooium 
l)hosphate. 

2.  Do  not  negled  to  wash  the  precipitate  with  water  containing  cme- 
fourth  its  volume  of  cone,  ammonium  hydroxide  until  the  washings  show 
but  a  faint  turbidity  with  silver  nitrate  acidified  with  nitric  acid.  If 
ammonium  phosphate  is  present  thorough  washing  is  imrticularly  im- 
portant. 

3.  Remo^'e  the  main  r)ortion  of  the  residue  from  the  paper  before  in- 
cinerating, or  burn  the  paper  with  a  small  residue,  in  the  crucible,  over  a 
very  small  JBunsen  flame.  This  may  be  quickly  accomplished  in  a  draught 
produced  by  tilting  the  Ifft  of  the  cniclble.  Do  not  ignite  strongly  nor  heat 
to  the  fusing  point  of  the  phosphate  until  the  material  in  the  cnidble  is 
white  (carbon  free).  If  the  ashing  of  the  imper  has  been  imperfect,  allow 
the  crucible  to  cool,  moisten  the  residue  with  a  few  droits  of  cone,  nitric 
acid,  cover  the  crucible  with  the  lid,  carefully  evaporate  the  acid  and  heat 
again  in  the  Bunsen  flame.  The  process  mu0t  be  repeated  until  the  residue 
becomes  white. 

4.  To  the  residue  In  the  crucible  add  the  main  portion  of  the  pre- 
cipitate and  heat  in  the  Bunsen  flame  gently  at  first,  or  until  the  greater 
part  of  the  ammonia  has  been  expelled,  then  heat  strongly  in  the  blast 
flame  until  the  material  ceases  to  decrease  in  weight. 
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A  Probable  Origin  of  thb  Numerous  DEPREssiokrs  in  the 

Mesa  South  of  the  Arroyo  Formed  by  the  Outljbt 

OF  TiJERAs  Canyon  in  the  Sandias  Near 

Ai^uQUERQUE,  New  Mexico. 


By  Albert  B.  Heaqan. 


The  occurreuce  of  nunw^rous  sllj^bt  doproBsions,  thickly  distributed 
over  the  mesa  south  of  Tijeras  arrojo  on  the  east  side  of  the  Rio  Grande, 
south  of  Albuquerque,  New  Mexico,  Is  very  noticeable.  These  were  ob- 
served to  be  rarely  more  than  five  yards  across  and  commonly  from  eighteen 
inches  to  two  feet  in  depth  and  are  provided  with  a  raised  border.  They 
resemble  buffalo  wallows  very  much;  but  are  too  abundant  and  their  dis- 
tribution is  too  general.  The  stratum  in  which  they  are  indented  is  a  very 
loose,  unlithified  formation,  sui>crimpo8iHi  uixjn  the  Albuquerque  Marl,*  a 
calcareous  dei)osit  some  six  feet  in  thickness. 

The  depressions  extend  in  depth  to  this  marl  stratum  and  soem  to  hold 
water. 

These  depressions  seem  to  be  the  "blowouts"  of  mud  upheavels.  Tliey 
seem  to  have  been  formed  at  the  time  the  Albuquerque  marl  was  in  a  semi- 
fluid state.  The  loose  unlithified  stratum  that  is  superimposed  upon  the 
marl  was  washed  down  from  the  Sandias  onto  the  area  faster  than  the 
marl  could  harden  or  "ereep'*  from  its  advance  over  the  bottom  of  the 
then  Albuquerque  lake  which  occupied  the  Rio  Grande  embayment  at  that 
point.  As  a  result  of  the  pressure  cause<l  by  the  superincuflibent  weight, 
mud  lumps  forme<l  in  size  proi)ortionate  to  the  pressure,  like  those  now 
forming  in  the  Mississippi  Delta.**  And  like  those  of  the  Southeast  Pass 
of  that  delta,  they  coilai)8iHl  on  reaching  the  mature  stage,  leaving  a  small 
pit  surrounded  by  a  raised  ring.  Thus  the  mud  lump,  "blowout"  theory 
seems  to  explain  the  origin  of  the  depressions. 


*  C.  L.  Herrick.  The  Geolosry  of  the  Environs  of  Albuquerque,  New  Mexico.  Amer- 
ican GeolofiTist,  Vol.  XXII,  pp.  29-33. 

**E.  W.  Hilflrard.  The  Exceptional  Nature  and  Genesis  of  the  Mississippi  Delta. 
Science,  Vol.  xxiv,  pp.  861-866. 

[12—21363] 
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The  Headwaters  of  the  Tippecanoe  River. 


By  J.  T.  ScovELL. 


The  Wabash  in  the  groat  river  of  Indiana.  It  rises  in  Ohio,  flows 
westerly  across  Indiana,  then  southerly  along  the  western  boundary  of  the 
State  into  the  Ohio  River.  The  Tipi)ecanoe  River  is  the  chief  tributary  of 
the  Wabash  from  the  north. 

The  Tipiiecanoe  has  its  sources  in  two  groups  of  lakes  situated  in  the 
southwestern  part  of  Noble  County  and  in  the  northern  part  of  Whitley 
County,  Indiana. 

Crane  Lake  and  Crooked  Lake,  through  short  outlets,  flow  Into  Big  or 
Tipi)ocanoe  Lake.  Goose  Lake,  New  Lake  and  Old  Lake  flow  into  Loon 
Lake.  The  outlet  of  Tipi^ecanoe  Lake  flows  westerly  and  northerly  about 
two  miles,  where  it  joins  tlie  outk»t  of  Lotm  Lake,  forming  Tippecanoe 
River.  This  stream  flows  northwesterly  about  five  miles  into  Smalley 
Lake,  and  thence  winterly  l^s  miles  into  Baughner  Lake,  thence  south  of 
west  through  marshes  and  ix)uds  IV2  miles  into  a  mill-i)ond,  called  "the 
Dam;"  thence  northwesterly  through  Kaiser  Lake,  the  Backwater  and 
the  Channel  about  tWi  niiles  into  Boydstone  Lake,  in  the  eastern  part  of 
Kosciusko  County ;  tlienct*  westerly  about  two  miles  hito  Tippecanoe  Lake, 
of  Kosciusko  County. 

Through  the  greater  part  of  this  distance  there  is  quite  a  distinct 
valley.  It  varies  greatly  in  width  and  in  the  hight  and  steepness  of  its 
bluffs.  This  valley,  these  lakes  and  ponds,  the  marshes  and  connecting 
streams  are  in  or  on  a  mass  of  glacial  materials  that  was  probably  de- 
|K)sited  from  the  Eri(»  Lobe  of  the  continental  ice  she(»t.  These  materials 
help  to  form  what  Frank  lA^verctt  calls  the  Mississinewa  Moraine.  This 
moraine  extends  from  Wliite  County  north westeBly  to  Steuben  County.  It 
covers  Noble  County  and  larjre  parts  of  Steuben,  Lagrange,  Dekalb,  Whit- 
ley, Kosciusko,  Fulton,  Wabash,  Miami,  Cass  and  White  counties.  It  in- 
cludes the  northern  ])ortion  of  Dr.  C.  R.  Drier's  Mississinewa — Eel  Mo- 
raine. 

Dr.  Drycj*  says  "it  Is  an  Irregular,  variously  undulating  pile  of  clay, 
sand,  gravel  and  boulders,  with  a  total  thickness  of  from  200  to  485  feet. 
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ItH  topoj^rapliy  defies  verbal  description,  but  may  be  included  under  a  few 
geneial  tyiM'H.  The  j^reater  imrt  of  the  area  may  be  designated  as  crumpM. 
The  ridges  hav<»  no  jmrticular  direction,  their  tops  are  broad  and  sloi>e« 
gentle,  yet  tliere  is  very  little  Itnel  ground.  This  tyiR»  passes  by  insensible 
gradations  into  the  corrtiffutctl,  in  which  the  ridges  are  steeper,  sban*er 
and  arrangwl  in  somewhat  parallel  lines.  Sinular  features  much  exag- 
geratcHl  produce  what  may  be  called  gouged  or  chasmed  regions.  The  sur- 
face is  entirely  occupied  by  deep,  irregular,  elongated  valleys  with  narrow, 
sharp,  winding  ridges  between,  all  in  indescribable  confusion,  and  every- 
where i)ond8  and  swamps,  marshes  and  lakes."  The  greater  part  of  the 
lakes  of  Indiana  are  in  tills  moraine.  Tlie  Pigeon,  Fawn,  and  Elkhart 
rivers  drain  a  large  section  of  this  moraine  into  the  St.  Joseph  of  Lake 
Michigan.  Cedar  Creek  drains  a  small  portion  into  the  St.  Jos€t)h  of  Lake 
Erie;  while  the  Eel  and  Tippecanoe  rivers  drain  the  balance  into  the 
Wabash. 

CRANE  LAKE. 

Crane  Lake,  ,30  to  35  acres  in  extent,  lies  mainly  in  the  N.  E.  %  of 
Section  .3.3,  Town  33  north,  Range  0  east.  Noble  County,  Ind.  It  is  nearly 
a  half  mile  long  from  N.  E.  to  S.  W.  and  about  40  rods  wide.  It  is  sur- 
rounded by  marsh  and  swamp  on  all  sides.  Its  chief  tributary  is  a  little 
stream  al>out  a  mile  long  from  the  northeast,  which  drains  the  W.  ^  of 
Swtion  27.  Its  outlet  is  by  a  ditch  across  a  swamp  westerly  about  %  of  a 
mile  into  Big  Lake.  Tlie  banks  and  surrounding  regions  are  not  more 
than  ten  ftvt  above  the  water  of  the  lake  and  before  ditching  they  were 
probably  not  more  than  four  feet  abo>-e  the  water.  The  bottom  is  of  soft 
mud  and  the  sIojm^s  of  the  bed  are  rather  abrupt,  except  in  the  southwest 
Soundings  at  intervals  of  al>out  100  feet,  conmiencing  on  the  northeast, 
were  as  follows:  ,"»0  ftvt  out,  15  feet  deep;  1.50  feet  out,  19  feet;  then 
15,  20,  24,  20,  ,32,  ,32,  .30,  23,  2i\  20,  10,  19,  19,  18,  17.  15,  10,  10,  10. 
10,  10  fiM^t,  and  1  f<K)t  in  the  outlet  ditch. 

(BROOKED  LAKE. 

Tlie  eastern  extremity  of  Crooked  I^ake  is  in  the  southeast  comer  oi 
the  X.  E.  Vi  StH'tion  3.  T.  ,32  N.,  Whitley  County,  Ind.  It  extends  north- 
UTi^terly  about  I'd  miles  into  the  S.  E.  14  Stvtion  33,  Noble  County,  and 
has  an  arwi  of  al>out  300  aiTcs.  A  ridge  alH>ut  *4  m*!^  wide  and  18  f«t 
high  divides  the  east  end  of  C.'!ro<>k<Ml  I>ake  from  Cedar  Lake  which  dnlw 
Into  Eel  River.     About  the  northern  jmrt  of  the  lake  there  is  coosldeftNe 
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low.  swampy  land,  and  the  country  back  of  tho  swamp  rises  scarcely  ten 
feet  above  the  lake.  Farther  south  clay  hills  rise  abruptly  to  an 
elevation  of  25  or  30  feet  on  botli  sides  of  the  lake.  The  road  run- 
ning N.  and  S.  east  of  the  lake  crosses  five  massive  clay  ridges 
trending  east  and  west  within  a  mile,  each  rising  30  feet  or  more 
above  the  lakes.  There  are  three  small  islands  and  considerable  shal- 
low   water    in    the    southwestern    i>art    of    the    lake    and    the    northern 


part  is  rather  shallow,  but  fully  one-half  the  area  is  covered  with  deep 
water.  The  area  drained  into  tlie  lake  Is  very  narrow.  I  saw  only  one 
inlet  and  that  was  short  and  small.  Soundings,  at  intervals  of  about  80 
feet,  commencing  on  the  east  and  following  the  axis  of  the  lake,  were  as 
follows:  24,  30,  30,  30,  30,  30,  42,  30.  30,  30,  24,  21,  18,  9,  6,  4,  4,  6,  6, 
18,  21.  27,  33.  39,  45,  45.  45.  45,  .^0.  42,  00,  75,  81,  81,  84,  87,  90,  95,  90, 
102,  102,  102,  105,  106,  106,  105,  105,  100,  105,  105,  105.  105,  9<;,  93,  93. 
96,  99,  93,  81,  81,  81,  96,  99,  100,  99.  90,  99,  84,  75,  54.  42,  21,  27,  80. 
42,  45,  45,  48,  45,  42,  36,  30,  27,  27,  27,  30.  30,  27.  27,  21.  15,  12.  12,  12, 
and  4  feet  among  the  lily  pads  near  shore. 
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Going  east  on  the  county  line,  at  intervals  of  100  feet,  I  found  water 
G(?,  96.  96,  and  66  feet  deep. 

The  lake  is  well  stocked  with  fish — bass,  bluegills,  perch,  grass-pike, 
and  others.  Under  much  of  the  shallow  water  there  is  an  abundance  of 
workable  marl. 

TIPPECANOE  LAKE,  OR  BIG  LAKE,  NOBLE  COUNTY. 

This  lake  occupies  parts  of  sections  28,  29,  32  and  33,  Town.  33  N., 
Range  9  east.  It  formerly  had  an  area  of  about  400  acres,  but  a  ditch  has 
lowered  the  water  about  7  ft»et  and  reduced  the  area  to  about  300  acres. 

Before  ditching,  fully  one-half  the  area  was  less  than  10  feet  deep. 
There  Is  still  considerable  shallow  water  in  the  southeast  and  southwest 
portions  of  the  lake,  but  much  the  greater  part  of  the  area  is  deep  water. 
The  bluffs  are  low,  not  more  than  10  to  15  feet  above  tlie  water.  Tlie 
ditching  caused  the  destruction  of  a  great  mass  of  vegetation,  and  so 
changed  the  environment  of  another  great  body  of  plant  life  that  it  will 
be  many  years  before  the  vegetation  can  adjust  itself  to  the  changed  con- 
ditions and  reach  a  stable  equilibrium.  At  its  present  level  the  lake  can- 
not support  as  much  vegetation  as  formerly.  The  lake  is  famous  for  the 
quantities  of  fish  found  in  its  waters,  but  they  are  not  as  plentiful  as 
formerly.  On  the  southwest  we  found  water  30,  35,  46.  47,  and  36  feet 
deep,  and  going  northwesterly  along  the  axis  of  the  lake  at  intervals  of 
about  200  feet  we  found  water  50,  (>5,  72,  65,  50  and  38  feet  deep.  Deeper 
water  was  claimed,  but  we  could  not  find  it.  There  is  considerable  marl 
in  the  lake  bed,  but  it  is  not  a  workable  deposit. 

GOOSE  LAKE. 

This  lake  is  in  the  southwest  i/4,  section  12,  Town  32  N.,  Range  8  E., 
Troy  Township,  Whitley  County.  It  has  an  area  of  about  150  acres.  It 
is  surrounded  by  considerable  swamp  and  low  land,  in  which  are  several 
small  pfmds.  Back  of  these  are  several  morainic  hills  rising  from  30  to 
50  feet  aboN-e  the  surface  of  the  lake.  The  sloi)es  of  the  lake  bed  are  rather 
steep  and  the  water  is  in  general  quite  deep.  The  lake  has  been  lowered 
about  r»  fet»t  by  a  ditch.  This  drained  adjacent  swamps  but  lessened  the 
area  of  the  lake  by  only  a  few  acres.  Fishing  is  said  to  be  fairly  good. 
Commencing  on  the  south  and  going  nortlierly  and  westerly  at  intervals 
of  about  100  feet  we  found  the  depth  as  follows:  100  feet  out,  17,  20. 
29.  30,  34,  .34,  34,  37,  37,  41,  50,  54,  57,  62,  63,  62,  and  61  feet;    westerly. 
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53,  37,  37,  30,  31,  35,  3S,  37,  36,  42,  50,  45,  37,  28  and  14  feet  about  75  feet 
to  shore.  In  the  western  part  of  the  lake  south  of  the  line  of  soundings 
just  given  we  found  water  45,  57,  62,  54,  35,  and  25  feet  to  south  shore. 
The  outlet  ditch  runs  northerly  from  the  northwest  part  of  the  lake,  into 
I>ollar  Lake,  thence  into  New  Lake. 

NEW  LAKE. 

New  Lake,  having  an  area  of  about  <X)  acres,  Is  situated  near  the  center 
section  1,  Troy  Township,  about  IMi  miles  north  of  Goose  Lake.  It  is  sur- 
rounded by  low,  gently  sloping  hills,  and  Is  bordered  on  the  east  by  broad 
areas  of  Scirpus  americana  and  Sclrpiis  laciistris,  Oommencing  at  the 
southeast  and  going  northerly  at  intervals  of  about  100  feet,  we  found 
soundings  as  follows:  15.  12,  20,  39,  30,  20,  30.  31,  38,  43,  38,  34,  26, 
23,  21,  22,  23,  20,  36.  37,  34,  31,  21,  and  6  feet  among  the  lily  pads  near 
shore.  The  outlet  is  by  a  ditch  northeasterly  about  half  a  mile  Into  Loon 
Lake. 

OLD  LAKE. 

Old  Ijake,  about  the  same  size  as  New  Lake,  is  situated  about  a  half 
mile  north  of  New  Lake  in  the  S.  W.  Vi,  Sec.  36,  Town.  33  north,  Range  8 
east,  Etna  Township,  Whitley  County.  The  shores  are  low  and  swampy 
or  marshy.  Considerable  areas  of  swamp  land  to  the  west  drain  into  Old 
Lake.  The  outlet  is  easterly  a  half  mile  or  so  into  Loon  Lake.  Soundings 
at  intervals  of  about  100  feet,  going  easterly,  as  follows :  25  feet  out,  12, 
30,  31,  31,  31,  27,  27.  32,  40,  42,  45,  45,  45,  43,  37,  34,  30,  28,  25,  21,  and 
15  feet  100  feet  to  shore. 

LOON  LAKE. 

Loon  Lake  lies  mainly  in  the  east  half  of  Sec.  36,  Etna  Township, 
Whitley  County,  and  in  tlie  wc^t  half  of  Sec.  31,  Noble  Township,  Noble 
County.  It  has  an  area  of  about  240  acres.  A  drainage  ditch  lowered  the 
level  of  the  lake  about  7  feet,  greatly  lessening  the  area,  and  reducing  the 
proportion  of  shallow  water.  Lowering  the  lake  uncovered  large  areas  of 
muck,  marl  and  sand.  Some  of  the  muck  is  well  covered  with  vegetation, 
but  the  sand  and  marl  are  still  quite  barren  after  six  years  of  exposure. 
There  is  considerable  marsh  land  and  swamp  in  the  west,  but  on  the  south, 
east  and  north  there  are  low  bluffs  rising  10  to  15  feet  above  the  lake. 
To  the  northwest  of  the  lake  there  are  some  hills  that  rise  fifty  feet  above 
the  lake.  Commencing  at  the  south  and  working  northerly  along  the  axis 
of  the  lake  at  intervals  of  about  136  feet  we  found  depths  as  follows: 
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130  feet  out,  18,  42,  39,  24,  39,  48,  57,  OG,  0(5.  81,  75,  (53,  51,  30,  33,  54, 
30,  30,  21,  18,  21,  33,  30,  39,  30,  30,  33,  24,  27,  39,  42.  48,  48,  30,  27,  27, 
33,  33,  18,  and  2  feet  among  the  lily  pads.  Going  nortli  from  island  about 
40  rods  east  of  the  above  line  ^e  found,  150  feet  out,  15  feet,  and  at  in- 
tervals of  130  feet,  30,  48,  54,  54,  33,  57,  (5:i.  00,  (50,  57,  39,  27,  24,  27, 
33,  30,  51,  54,  45,  33,  33,  and  18  feet  130  feet  to  shore.  Going  westerly 
from  the  Island,  at  intervals  of  about  130  feet,  as  follows:  21,  24,  27, 
30.  and  57  feet,  near  station  7  on  first  line,  00,  93,  93,  93,  93,  81,  and  48 
feet,  the  water  shoaling  rapidly  to  the  west. 

The  soundings  show  a  large  area  of  deep  water  and  a  very  uneven  bed. 
Fishing  is  fairly  good  but  not  as  good  as  before  the  lake  was  drained. 

The  outlet  flows  from  near  the  north  end  of  the  lake  easterly  a  few 
rods,  then  north  a  half  mile  or  so,  where  it  joins  the  outlet  of  Tippecanoe 
Lake,  forming  Tlpi»e<-anoe  Kiver,  which  flows  westerly  into  Smalley  Lake, 
draining  on  the  way  considerable  areas  of  marsh  and  swamp. 
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DOLLAR  LAKE. 

This  lake,  having  an  area  of  12  to  15  acres,  is  situated  near  the  center 
of  Sec.  25,  a  little  northwest  of  Loon  Lake.  Hills  rist^  abruptly  from  the 
shore  of  this  lake  to  an  elevation  of  about  50  feet.  A  narrow  zone  of 
marsh  surrounds  the  lake.    The  slopes  of  the  lake  bed  are  steep.    The 
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soundings  were  20,  30,  37,  44,  and  51  feet.  The  water  was  reported  much 
d^»ei)er,  but  we  found  only  r>l  f€»et.  The  outlet  is  northerly  into  the  river 
in  the  S.  E  V^  Sec.  24. 

SM ALLEY  LAKE. 

Smalley  Ijake,  liaving  an  area  of  about  80  acres,  lies  mainly  in  the  S. 
E.  ^  Sec.  15,  extending  a  littl*^  way  into  the  N.  E.  ^4  Sec.  22,  Washington 
Township,  Noble  County.  There  is  considerable  low  land  on  the  south  and 
east,  with  low  bluffs  12  to  20  feet  on  the  west  and  northwest.  A  little 
stream  drains  three  small  ponds  a«d  some  marsh  land  into  the  northenr 
part  of  the  lake  and  two  iwnds  with  some  low  land  on  tlie  east  are  drained 
Into  the  lake  or  the  river  just  south  of  the  lake.  Commencing  at  the  Inlet 
and  going  northwesterly  we  found  at  Intervals  of  about  100  feet  water  as 
follows:  In  mouth  of  inlet,  1  foot;  100  feet  out,  8.  1(»,  28,  35,  37,  37, 
38,  38,  39,  39,  30,  40,  40,  39,  39,  38,  38,  38,  39,  40,  42,  38,  32,  21,  25,  25, 
20,  and  12  feet;  3  feet  near  the  liend  of  the  outlet,  water  In  the  outlet 
about  8  inches  deep  and  10  feet  wide.  From  Smalley  Lake  near  the  center 
of  Sec.  15  the  river  flows  westerly  about  1^  miles  into  Baughner  Lake, 
draining  on  the  way  a  wide  tract  of  low  swamp  land  and  Gallup's  pond 
or  lake,  having  an  area  of  about  three  acres,  near  the  center  of  Sec.  16. 
It  is  reported  to  be  shallow. 

BAUGHNER  LAKE. 

This  lake  is  located  just  west  of  the  center  of  Sec.  IG  and  has  an  area 
of  about  30  acres.  We  did  not  make  any  soundings  in  this  lake.  It  is 
reported  as  rather  shallow,  not  more  than  20  to  25  feet.  Baughner  Lake 
receives  considerable  water  from  the  southeast  through  Johnson  Lake 
and  its  tributaries. 

BROWN  LAKE. 

Brown  Lake  is  in  the  center  of  section  2(»,  Town.  33  N.,  Range  8  E. 
It  has  an  area  of  about  30  acres.  It  is  somewhat  elliptical  in  form,  being 
longer  from  southeast  to  northwest.  Commencing  on  the  southeast,  at 
intervals  of  about  100  feet,  we  found  water  as  follows:  100  feet  out,  21, 
29.  39,  47,  48,  44,  46,  46,  46,  42,  37,  31,  29,  26,  and  21  feet,  and  6  feet  in  the 
lily  pads  about  20  feet  from  shore.  There  is  some  swamp  land  to  the 
southeast  and  considerable  marsh  land  on  the  north,  but  the  zone  of  wet 
land  is  narrow  on  the  south.  The  slopes  are  gentle  on  all  sides,  the  high- 
lands rising  to  20  to  30  feet  above  the  lake.  The  slopes  of  the  lake  bed 
seemed  to  be  abrupt  on  all  sides.    The  lake  is  drained  northwesterly  by 
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a  ditch  into  McDonald  Lake  or  ]x>nd,  in  the  western  central  part  of  Se<\ 
22,  thence  northwesterly  into  Johnwjn  Lake,  on  the  north  line  of  Se<\  21. 
which  has  an  area  of  ahout  10  acres.  Water  is  reported  deep,  30  to  35 
feet.  Baker  Lake  or  pond,  a  little  northwest  of  the  center  of  Sec.  21. 
drains  into  Johnson  Lake.  Tlie  outlet  of  this  lake  flows  northwesterly 
through  a  pond  and  surrounding  marsh  into  Baughner  Jjake.  Tlie  outlet 
of  Brown  I^ke  drains  a  wide  area  of  land,  hut  there  is  considerable  wet 
land  along  this  valley  that  the  present  ditch  does  not  drain.  Two  other 
ponds  in  Sec.  10  are  drained  into  Baughner  Lake.  From  this  lake  the 
river  runs  a  little  south  of  west  about  IV2  miles  into  "the  Dam,"  a  pond 
on  the  line  between  sections  18  and  19,  so  that  it  is  in  the  S.  E.  %  Sec. 
18  and  N.  E.  ^  Sec.  19.  It  has  an  area  of  about  15  acres  and  was  formed 
by  a  dam  about  10  feet  high.  It  is  shallow  and  abounds  with  vegetation. 
From  "the  Dam"  the  river  flows  westerly  and  northwesterly  through  Keiser 
Lake,  small  and  shallow,  into  the  Backwater,  a  shallow  body  of  water 
occupying  a  large  part  of  the  south  half  of  Sec.  13.  Town.  33  N.,  Range 
7  W.,  Kosciusko  County;  thence  northwesterly  through  "the  channel*' 
into  Boydstone  or  Webster  Lake,  in  sections  10,  11,  12,  14  and  15,  Tlppe- 
canot*  Township,  Kosciusko  County,  Ind. 
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Caves  and  Cave  Formations  of  the  Mitchell  Limestone. 


By  F.  C.  Greene. 


THE  MITCHELL  LIMESTONE. 

The  Mitchell  liuiestone,  otherwise  kuown  as  the  St.  Louis,  barren,  or 
cavernous  limestone,  is  a  bluish  or  grayish,  hard,  coiniwct,  even-grained 
stone,  generally  having  a  eonchoidal  fracture.  It  is  so  compact  as  to  make 
It  rather  impervious.  Intercalated  layers  of  blue-gray  shale  are  frequent. 
Large  concretions  or  chert  are  characteristic  of  certain  horizons.  When 
the  stone  weathers,  these  masses  of  chert  do  not  dissolve,  but  break  into 
more  or  less  angular  fragments  which  strew  the  ground  over  the  Mitchell 
area.  In  Indiana  the  formation  is  also  characterized  by  the  common 
presence  of  a  genus  of  corals  known  as  Lithastrotion  or  Lonsdaleia,  In 
some  places,  such  as  western  Monroe  or  southern  Crawford  County,  there 
is  a  tyi)Ical  white  oolite  found  near  the  top  of  the  formation. 

Analysis  shows  the  Mitchell  to  be  a  very  pure  calcium  carbonate,  and 
at  Mitchell,  I^awrence  County,  from  which  plac5e  the  formation  received 
Its  name,  it  is  extensively  quarried  for  making  lime  and  cement. 

It  is  found  in  Harrison,  Floyd,  Crawford,  Washington,  Orange,  Mar- 
tin. Lawrence,  Monroe,  Greene,  Owen,  Morgan,  Putnam,  Parke,  and  Mont- 
gomery counties.*  It  extends  south  into  Kentucky  and  west  into  Illinois, 
where  it  exhibits  similar  characteristics. 

In  the  southern  part  of  the  State  it  reaches  a  thickness  of  350  to  400 
feet ;  Jn  the  central  part  of  its  area,  that  is.  In  Lawrence  and  Monroe  coun- 
ties, the  thickness  is  from  150  to  250  feet,  and  from  here  gradually  thins 
toward  the  north.** 

The  greater  part  of  the  Mitchell  lies  in  the  non-glaciated  portion  of  the 
State,  thus  exposing  an  erosion  topography  unaffected  by  other  agencies. 
Se^-eral  factors  enter  into  the  cause  of  its  present  toiK>graphic  asiKX't. 
During  Cretaceous  time  the  area  in  which  the  Mitchell  is  located  was 
eroded  to  base  level,  forming  part  of  the  great  Cretaceous  peneplain. 
After  this  event  had  occurred,  a  period  of  elevation  began  so  that  erosion 


^Hopkins.  T.  C,  28th  An.  Rept.  Ind.  Dept.  Geol.,  p.  57. 
•*0p.  cit,  p.  58. 
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again  commenced  to  cut  down  the  surface,  and  probably  duriHg  the  Ter- 
tiary jieriod,  it  again  rejidied  partial  i)ouopl  a  nation  with  a  few  monad- 
n(x*kK  here  and  there  standing  above  the  general  surface.  It  i»  this  Ter- 
tiary i)eneplain  which  gives  the  country  its  level  appearance  when  viewed 
from  a  distance.  Since  this  second  i)en(»pl  a  nation,  the  country  has  probably 
b<»en  relatively  elevated  to  the  i>re8cnt  time.  The  western  edge  of  the 
Mitchell  area  is  overlahi  by  the  Huron  formation,  which,  by  reaisoo  of  its 
hard  and  soft  strata,  has  taken  on  a  very  rugged  asi)ect.  To  the  east  (rf 
this  belt  level  li(^  the  central  or  slightly  rolling  area  of  the  Tertiary  jiene- 
plain,  while  to  th(»  east  of  this,  the  eastern  edge  again  becomes  rolling, 
owing  to  the  underlying  Salem  and  Harrodsburg  limestones. 

The  Mitchell  has  a  dip  to  the  southwest  which  probably  averages  20 
to  ;U)  f(?et  to  the  mile.  This  affects  surface  streams,  though  these  are  very 
few,  owing  to  the  (extensive  underground  drainage. 

The  general  relief  of  the  surface  of  the  Mitchell  area  becomes  greater 
toward  the  Ohio  Illver.  This  is  probably  due  to  at  least  three  causes, 
namely,  the  dip  to  tlu.»  southw(»st,  the  increasing  thickness  of  the  forma- 
tion, and  the  fact  that  the  Ohio  Kiver  is  the  largest  stream  draining  the 
area  and  has  cut  down  to  the  lowest  level  of  any  stream  In  the  area  under 
consideration.  In  the  vicinity  of  Wyandotte  Caxe  the  general  level  of  the 
Ui>land  is  almut  ;{m)  f«H»t  above  the  level  of  Blue  River. 

The  Mitchell  limestone  has  long  Imhmi  known  as  the  "Cavernous  lime- 
stone." Both  the  Wyandotte  Cave  of  Indiana  and  the  Mammoth  Cave  of 
Kentucky  occur  in  its  strata.  In  thrtv  ccmnties  in  the  vicinity  of  Mam- 
moth Cave,  over  five  liundred  caves  are  known  to  exist.  These  facts  lead 
us  to  investlgatt*  the  general  ad.iptibllity  of  this  limestone  to  cave  forma- 
tion. 

The  reasons  of  this  adaptibillty  are  numerous.  Besides  the  bedding 
planes,  two  s(»ts  of  vertinil  joint-i)lanes  exist,  one  set  having  a  ^neral 
Mist  jind  w<»st  direction  and  the  other  a  north  and  south  direction.  Ver- 
tical joInt-plan<»s  are  i)robably  more  numerous  in  this,  than  any  other  of 
the  Misslsslpplan  linu^stones.  Owing  to  tlie  fact  that  the  Mitchell  is  rather 
impervious  and  often  of  a  lithographic  nature,  tlie  down  flowing  water  \b 
forc(Hl  to  follow  the  joint  and  lK»ddlng  plan(»s.  The  underlying  Salem  lime- 
stone contains  jolnt-plnn(^s  but  Is  porous  enough  to  l>«»come  thoroughly 
saturated  instead  of  confining  the  water  to  joint-planes. 

The  Mitchell  limestone  has  a  great  tliickm^ss  of  rcK'ks  of  nearly  uniform 
texture.     It  is  comiK)s<Hl  of  nearly  pure  calcium  carbonate,  which  renders 
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It  soluble  to  meteoric  water.  Many  of  those  facts  are  brought  out  by  Cum- 
ings  In  his  paper,  "On  the  Weathering  of  the  Subcarboniferous  Limestones 
of  Southern  Indiana,"  in  the  Proceedings  of  this  society  for  1905,  pages 
85-100.  The  great  central  area  is  practically  level,  owing  to  Tertiary 
l>eiieplanation,  thus  lessening  the  amount  of  run-off.  The  western  part  of 
tlie  area  is  overlain  by  the  Huron  formation,  coni|)osed  largely  of  porous 
sandstone  which  absorbs  precipitation  and  passes,  a  part  of  it,  at  least, 
downward  into  the  underlying  Mitchell.  Tlie  area  as  a  whole  is  wooded, 
which  also  tends  to  hold  meteoric  water  rather  than  to  give  it  up  to  such 
surface  drainage  as  exists.  The  area  in  Indiana  lies  in  a  section  of  coun- 
try which  is  one  of  relatively  great  humidity. 

The  individual  layers  of  the  formation  are  comparatively  thin  and  are 
generally  separated  by  thin  laj^ers  of  impervious  shale.  This  factor  tends 
to  weaken  the  layers  when  a  cave  Is  formed  beneath  them  and  allows  them 
to  collai)se,  thus  giving  the  stream  the  opiwrtunity  of  enlarging  the  cave 
in  a  mei'hanical  way  by  removing  the  debris. 

FORMATION    OF   CAVKS. 

limestone  (CaCO,)  is  only  slowly  and  difticultly  soluble  in  pure  water, 
but  when  water  descends  thnmgh  the  atmosi)here  as  in  rain  and  snow,  a 
c-ertain  [M»r  cent,  of  CO^  Is  dissolved,  forming  ir.COa.  This  Is  enabled  to 
dissolve  calcium  cjirbonate,  forming  calcium  bicarbonate  thus:  H2CO,+ 
Ca('Oa=€aH2  (COg)^.  The  latter  product  remains  in  solution  until  evapo- 
ration takes  place.  It  is  owing  to  this  fact  that  stalactites  and  stalagmites 
are  formed  In  caves. 

Now  when  rain-water  falls  on  an  area  such  as  that  underlain  by  the 
Mitchell  limestone  where  the  conditions  favor  a  minimum  amount  of  run- 
off and  evaporation,  and  where  the  greater  amount  of  precipitation  soaks 
Into  the  soil,  it  will  tend  to  collect  and  flow  downward  through  the  most 
available  passages.  Such  passages  are  furnished  by  the  above-mentioned 
joint-plant»8.  Where  two  of  these  joint-planes  cross  at  right  angles,  the 
passage  will  be  freest  and  it  is  probably  at  such  points  that  most  of  the 
ground-water  passes  downward.  This  downward  flow  of  water  may  be 
arrested  by  several  causes,  four  of  which  are  uuyst  Important.  The  joints 
become  tighter  as  they  descend  into  the  earth ;  the  level  of  groimd-water, 
where  the  flow  In  the  joints  Is  retarded,  may  \ni  reached;  an  unusually 
impervious  layer  of  limestone  or  shale  may  be  present;  or  what  Is  prob- 
ably most  imiwrtant,  a  level  corresi)ondlng  to  that  of  the  local  base  level 
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of  erosion  may  be  reached  and  divert  the  downward  moving  water.  Any 
or  all  of  these  causes  may  change  tlie  downward  flow  of  water  into  lateral 
flow,  although  in  time  they  may  cease  to  have  this  function,  owing  to 
chemical  or  mechanical  erosion. 

Locally  other  factors  may  ent«r  into  the  stoi>i)age  of  the  downward 
flow.     These  may  be  greater  hardness  or  impurities  of  the  limestone,  etc. 

The  horizontal  flow  will  naturally  follow  the  line  of  least  resistance, 
which  will  be  along  the  line  of  one  of  the  joint-planes.  Thus  young  eaves 
and  many  which  are  older,  follow  approximately  straight  north  and  south, 
and  east  and  west  lines  and  have  right-angled  turns.  Tlie  direction  of  the 
cave  stream  will  be  determined  by  local  conditions,  such  as  hardness,  dip, 
solubility  and  nearness  to  surface  streams. 

At  first  the  erosion  will  be  by  solution,  but  in  time  the  cave  stream 
will  come  to  be  governed  by  much  the  same  laws  as  surface  streams  and 
corrosion  will  do  its  share  in  enlarging  the  cave.  The  original  downwani 
opening  will  become  larger  and  surface  material  with  its  hard,  angular 
pieces  of  chert  and  8(^>il  will  be  washeil  into  the  oi)ening,  and  siulsholes 
such  as  are  characteristic  of  the  Mitchell  area,  will  be  formed.  In  time 
these  become  very  large,  occasionally  containing  many  acres;  however,  it 
may  be  said  that  the  very  large  sinkholes  (and  these  only)  are  formed  by 
collapse  of  c»aves. 

In  the  young  cave  there  will  be  no  evidence  of  any  erosion  except 
tliat  by  solution.  The  water  is  very  clear  and  contains  a  minimum  amount 
of  solid  matter;  the  cave  will  l>o  boundt^  on  all  sides  by  solid  rock  walls 
and  angular  protuberances  will  Ik»  everywhere  conspicuous. 

So  much  for  the  common  type  of  a  very  young  cave.  A  multitude  of 
factors  determine  the  size  and  shape  of  a  cave  as  it  grows  older.  Much 
depends  on  the  level  of  the  surface  stream  into  which  the  cave  stream 
flows.  If  the  surfatv  stream  is  much  lower  than  the  level  on  which  the 
cave  stream  flows,  the  latter  will  cut  down  rapidly,  other  things  being 
equal,  thus  forming  a  narrow  and  dtn^p  cave  such  as  is  wen  at  the  entramt* 
of  Shawnee  Cave  in  Lawrence  County,  or  in  Wyandotte  Cav^.  If  the  level 
of  the  surfact^  stream  is  near  that  on  which  the  cave  stream  flows,  the 
tendency  will  be  toward  lateral  erasion,  and  the  cave  will  cut  downward 
only  as  rapidly  as  d(H»s  the  surface  stream  of  wliich  it  is  a  tributary. 

Most  of  the  surface  streams  and  probably  all  of  the  cave  streams  of 
the  area  had  I  heir  origin  sinc<»  the  Tertiary  i>eneplanation.  The  Mitchell 
area  has  bivn  elevated  since  then,  as  was  mentioned  above,  but  owi»g  to 
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the  fact  that  this  elevation  1ms  been  more  or  less  internipteil.  the  surface 
streams  have  devloi>e<l  terraces  and  the  caves  near  tlie  Ohio  and  its  older 
tributaries  have  in  some  cjises  four  or  five  levels,  probably  due  to  the 
same  cause.  Only  the  lo\\x*st  of  these  levels  will  contain  water  at  the 
])resent  time.  The  four  or  five  levels  of  passages  in  caves  in  the  region 
under  discussion  may  have  had  other  local  causes,  such  as  differences  in 
hardness  or  solubility,  etc.  It  is  not  meant  that  all  caves  in  this  region 
liave  several  levels,  for  new  caves  are  continually  being  formetl. 

Tlie  bedding  planes  being  planes  of  weakness,  the  cave  will  be  broader 
at  the  bedding  planes  than  between  them.  (Fig.  1.)  Softness  or  un- 
usual solubility  of  a  particular  layer  will  cause  a  broadening  of  the  cave, 
while  hardness  or  insolubility  will  result  in  a  narrowing.  If  a  cave  is  fol- 
lowing some  particular  joint-plane,  a  cross  joint  (which  |>erhaps  carries 
a  larger  or  smaller  stream)  will  cause  a  decided  broadening,  due  to  the 
wcnik  six>t  caused  by  the  cross-joint. 

When  a  particular  cave  stream  reaches  temiK>rary  base  level  it  will 
cease  downward  cutting  and  begin  enxling  laterally.  In  this  case  the 
stream  is  generally  supplied  with  abundant  abrasi\'e  material.  In  time 
this  will  i>roduce  a  cave  with  a  sort  of  an  inverted  T-shape.  (Fig.  2.) 
Owing  to  the  thinness  of  the  layers,  in  time  this  will  cause  a  collapse  of 
the  sides  and  roof,  such  as  has  taken  place  in  many  parts  of  Wyandotte 
Cave.     (Fig.  3.) 

If  such  action  takes  place  where  two  joints  cross,  the  amount  of  rock 
precipitated  from  the  roof  and  walls  will  be  enormous,  prwlucing  such  a 
mound  as  Monument  Mountain  in  Wyandotte,  where  a  mound  over  one 
hundred  feet  high  has  been  formed.  In  the  upper  part  of  Shawnee  Cave. 
Lawrence  County,  the  lateral  erosion  has  bwMi  very  great  and  in  some 
places  In  this  and  also  in  Wyandotte  Cave,  this  tendency  has  resulted  in  the 
follai)se  of  the  floor  of  an  older  passage  almve.  Thus  it  will  \ye  seen  that 
the  floor  of  an  old  cave  will  be  apt  to  be  rougli  and  r(M*ky  instead  of  level, 
although  there  are  cases  where  the  stream  has  suddenly  found  anctther  out- 
let, leaving  an  old  cave  with  a  smooth  and  firm  floor. 

Most  of  the  old  caves  and  some  of  the  younger  do  not  follow  straight 
cardinal  lines  or  have  right-angletl  bends.  In  young  caves  this  is  due  to 
a  tendency  of  the  stream  t«  straighten  its  course  just  as  a  surface  stream 
does,  although  hardness  and  solubility  of  the  rock  play  a  large  part.  (Fig. 
4.)  For  example,  if  on  one  n'ld^  of  a  joint-plane  which  a  cave  stream  is 
following,  there  Is  a  particularly  soluble  si)ot,  there  will  probably  be  a 
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bend  or  curve  developed  at  the  soluble  place.  (FI>?.  5.)  In  old  caves  these 
factors,  together  with  that  of  collapse*  from  lateral  erosion  after  base  level 
has  been  reached,  change  the  shai^e  so  that  a  straight  line  or  right-angled 
bend  is  seldom  seen. 

SPKCIAL   PHASES — PITS    AND    DOMES. 

Many  caves  ai-e  cha meter ized  by  pits  and  domes.  The  former  may 
be  formed  in  two  waj's.  Where  there  is  a  i>articularly  soft  or  soluble 
place  in  the  floor  of  a  cave,  the  hard,  angular  fragments  of  chert  will  con- 
gregate, and  by  a  whirlpool-like  abrasitm  and  solution,  a  pot-hole  will  be 
produced.  These  sometimes  r(»ach  large  dimensions,  as  in  Wyandotte, 
where  pits  twenty  or  tliirty  fei»t  deep  have  been  formed.  In  one  particular 
paasage  of  Wyandotte,  the  downward  erosion  has  bt»en  very  rapid,  so  that 
the  stream  has  cut  down  to  a  lower  level,  leaving  several  natural  bridges 
of  solid  rock. 

The  second  ty|)e  of  pit  and  the  domes  are  related.  Often  where  two 
sets  of  vertical  joint-planes  cross,  the  water  trickling  down  will  dissolve 
out  an  erosion  dome.  In  Mannnoth  Cave  of  Kentucky,  these  domes  often 
reach  a  height  of  one  hundred  feet  or  more.  They  may  be  formed  down  to 
the  level  of  the  passiige  along  one  of  the  joints,  in  which  case  they  are 
simply  domes,  or  they  may  continue  ero<ilng  after  one  passage  has  been 
desertiHl  by  the  strejim  and  continue  to  erode  to  a  lower  level  occupied  by 
anotlier  stream,  thus  forming  a  fut  or  dome  according  to  the  level  from 
which  they  are  vicwe<l.     (Figs,  it  and  7.) 

CAVE    ENTRANCES. 

Cave  entrances  may  be  formed  in  four  principal  ways.  A  sink-hole 
may  become  large  enough  to  sen-e  as  an  entrance,  either  by  corrosion  and 
solution,  or  by  subterranean  solution  of  the  dome-forming  type.  Roi^es, 
ladders,  or  steps  are  generally  needed  in  this  type  of  an  entrance.  The 
entrances  to  Little  Wyandotte  and  Marengo  caves  of  Crawford  County  are 
of  this  type. 

An(»ther  and  common  type  of  entrance  is  that  by  way  of  the  niDotb 
of  the  out-flowing  cave  stream.  In  a  young  cave  this  is  apt  to  be  on  the 
liorizontal :  but  when  one  mouth  is  abandoned  for  another  at  a  lower 
level,  w(»athering  product»s  a  curious  change.  The  rocks  above  the  cave 
mouth  will  weather  and  fall  to  the  floor,  thus  clausing  the  entrance  to  pro- 
gress ui)  the  slope  and  a  great  pile  of  debris  to  collect  on  the  original  floor 
of  the  cave.     (Fig.  8.)     The  entrances  to  Wyandotte  and  Saltpeter  caves 
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of  Crawford  County,  and  Mammoth  Cave  of  Kentucky  are  of  this  tyi)e.  A 
shaft  was  sunk  to  the  depth  of  sixty  feet  at  the  mouth  of  Wyandotte 
before  the  solid  rock  floor  was  reached. 

A  cave  stream  may  undermine  the  rock  heneatli  a  low  place  such  as  a 
8ink-h(^e,  causing  the  overlying  strata  to  collapse.  In  this  case  there  will 
be  two  entrances  at  the  place  where  the  cave-in  occurred.  Should  atmos- 
pheric agencies  weather  back  the  two  entrances  the  cave  stream  will  flow 
above  ground  for  a  greater  or  less  distance.  This  action  has  occurred 
twice  in  Shawnee  Cave,  Lawrence  County,  and  the  surface  portions  of 
r^ost  River,  Orange  County,  have  probably  come  about  in  an  analogous 
manner. 

A  fourth  tyi>e  of  cave  entrance  is  that  productnl  by  a  surface  stream 
eroding  its  way  into  a  cave;  but  this  type  is  probably  connnon  only  in  Re- 
gions of  great  relief,  sucli  as  those  bordering  the  Ohio,  since  surface 
streams  of  sufllclent  size  to  accomplish  this  are  ratlier  rare  in  the  Mitchell 
belt 

MATKBIAU9    DEPOSITEa)    IN    CAVES    AFTER    FOBMATION. 

It  was  Stated  In  the  second  portion  of  this  i>ai)er  that  calcium  bi- 
carbonate (CaHaCCO,),  was  formed  by  the  action  of  atmospheric  water 
on  limestone.  This  substance  will  remain  in  solution  until  evaporation 
takes  place,  when  it  will  split  up  as  follows:  CivIl2(C03),  =  002  +  H,0  + 
CaCO,.  The  carbon  dioxide  being  1.5  times  as  heavy  as  air  sometimes 
settles  in  the  lower  portions  of  caves,  rendering  them  dangerous,  but  this 
is  not  often  the  case  in  the  caves  of  the  Mitchell  an»a  owing  to  the  pres- 
ence of  air  currents'  which  remove  the  gas.  The  CaCO.,  will  remain  as 
stalactitic  and  stalagmitic  deposits.  Owing  to  the  fact  that  in  the  lower 
and  younger  parts  of  the  cave,  which  contain  water,  the  air  is  genenilly 
saturated  so  that  evaporation  Is  at  least  not  rapid,  the  calcareous  deposits 
are  found  in  greatest  abundance  in  the  higher  and  drier  passages. 

In  the  deposition  of  calcareous  material  the  joint-planes  again  play 
a  prominent  part,  due  to  the  fact  that  water  is  able  to  find  its  way  down 
through  them.  Very  often  tiie  vertical  joint  along  which  a  cave  was 
formed  will  be  marked  o\'erhead  by  i¥  row  of  stalactites  and  sometimes 
by  a  row  of  stalagmites  on  the  tioor  iKMieath.  Where  two  joints  cross 
each  other  the  deposition  Is  apt  to  be  greatest.  In  Wyandotte  cave  in 
ti^'o  places  where  large  piles  of  rock  have  falh'n  (Senate  Chamber  and 
Monument  Hill)  owing  to  cross  joints,  the  piles  of  rock  are  crowned 
with  large  stalagmites  directly  beneath  the  crossing  of  the  vertical  joints. 

[13—21863] 
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Often  the  water  dt)e8  mit  evai)orate  right  at  the  base  of  the  joint  but 
trickles  down  the  sido  walls,  depositing  a  coating  of  calcareous  material 
there. 

In  Milroy's  Teuiphs  Wyan(fc>tte  cave,  and  In  Shawnee , cave,  t#aw- 
renc(»  County,  tlie  evai)oration  has  not  always  taken  place  at  tlie  lower 
end  of  the  stalactite,  lint  they  are  curveil  outuTird  and  upward.  This  is 
fiossibly  due  to  the  twining  tendency  in  the  crystallization  of  the  caleite. 
I»cal  conditions  may  giv(»  ris4»  to  an  almost  endless  variety  of  these  cal- 
careous deposits. 

I'nder  certain  conditions  gypsum  and  ep^omlte  are  deijosited  in  caves, 
the  former  as  a  coating  of  the  walls  and  as  curved  crystals  or  "Oulopho- 
lites,"  and  tlie  latter  as  delicate  nei'dle-shrt|>e<l  crystals  in  the  earth  of 
the  cave  fl(K)r.  II.  C  Ilovey  In  tlie  "Manual  of  the  Mammoth  Cave  of 
Kentucky"  states  that  the  l)lack  dei>oslt  on  tiie  celling  of  the  Star  Cham- 
ber of  this  cave  Is  the  oxide  of  manganese.  All  of  these  materials  are 
derived  from  the  Mitchell  limestone,  but  owing  to  its  purity  are  not  nearly 
In  such  great  abundance  as  the  caleite  dei)osIts. 

Tlie  materials  deposited  on  the  fl(M)rs  of  caves  nre  generally  of  three 
classes:  fallen  roik,  chert  gra^t*!  and  nitrous  earth.  Of  the  first  class 
there  Is  little  to  be  sjiid,  as  It  has  already  been  mentioned.  The  chert 
is  derive<l  from  the  concretions  of  chert  hi  the  limestone.  Owing  to  its 
Insolubility.  It  remains  after  all  otlin^r  materials  have  bt»en  dissolved.  In 
Sliawnee  cave,  Lawrence  Cninity,  It  has  in  i)laces  bet*n  cemented  together 
l»y  caleite  and  some  oxhV  of  iron  to  form  a  hiu*d,  firm  conglomerate. 

The  nitrous  earth  or  "sjiltpeter  dirt"  is  practically  always  found  in 
I>assagea  now  al)andonetl  by  the  streams  which  formed  them.  It  seems 
to  have  lM»eii  originally  the  finer  portion  of  tlie  solid  matter  carried  by 
the  cave  stn»am.  Souk*  slackening  of  the  current,  prol>ably  due  In  most 
cases  to  fallen  nxk.  eauseil  this  imiterlal  to  i»e  deiKxsited.  The  deposition 
then  continued  until  the  strej^^n  found  anotl«»r  outlet.  Another  source  of 
tills  fine  earth,  and  probably  eipially  as  imix>rtant,  is  that  of  material 
washtHl  in  through  crevices  and  small  sink-holes  to  the  passages  directljr 
beneath  them,  whieh.  of  conrse.  woulU  lu»  the  higher  passages  of  the  cave. 
Now  thes<'  high  and  dry  passa;;es  are  th«*  ones  most  liajjle  to  be  fre<iuented 
by  bats,  and  It  is  i»nibaMy  from  the  dung  of  these  animals,  which,  ac- 
cording to  llalin.*  siHMid  ah  uit  tive-sixtlis  of  their  existence  in  a  dcHinaDt 
^^ate.  that  the  potassium  nitrate  is  derived.     InsiKH-tion  of  the  earth  in  a 
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dry  passage  of  ShawiK«e  cave,  I.awrence  County,  revealed  a  multitude  of 
bat  bones  scattered  through  this  earth,  a  fact  that  seems  to  confirm  this 
theory. 

In  conclusion  it  may  be  stated  tliat  local  causes  may  and  often  do 
exist  that  affect  the  formation  of  a  particular  cave  and  that  are  dia- 
metrically opposed  to  the  factors  enumerated  alK>ve.  so  that  no  set  of  rules 
or  conditions  can  be  formulated  for  determining  th«  formation  of  a  cave 
or  explaining  its  formation. 
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FiiT.  1.  8howinir  the  effects  of  beddins: 
planes  where  the  stream  has  cut  down  rap- 
idly (A)  and  slowly  (B). 


FiiT.  2.  ShowiniT  the  effect  of  lone  con- 
tinued lateral  erosion.  The  dotted  line 
shows  the  curve  of  irreatest  strencrth. 


FiiT.  3.  Showinsr  collapse  due  toj^iveak- 
ness  from  lateral  erosion.  The  cave  has 
assumed  the  curve  of  irreatest  strensrth. 


FifiT.  4.  The  solid  lines  show  the  original 
cave  and  the  dotted  lines  the  course  the 
stream  will  seek  to  pursue. 


r<U  caM^ 


Fig.  5.    Effect  of  unusually 
soft  or  soluble  rock. 


Fig.  6.    Dome. 


Vie.l,    Fit  and  dome. 
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Fifif.  8.    Progression  of  a  cave  entrance  up  a  slope. 
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The  Life  Zones  of  Indiana  as  Illustrated  by  the  Distri- 
bution OF  Orthoptera  and  Coleoptera 
Within  the  State. 


By  W.  S.  Blatchley. 


During  the  past  twenty  years  much  of  my  siwire  time  has  been  de- 
voted to  the  collecting  and  classification  of  the  insects  of  Indiana,  es- 
l)ecially  Orthoptera,  or  katydids  and  grasshor»per8,  and  Coleoptera,  or 
beetles.  In  the  report  of  the  Department  of  Geology  for  1902  the  results 
of  the  work  on  Orthoptera  were  published,  about  150  species  l)eing  therein 
classified  and  described.  The  Coleoptera  are  at  present  being  worked  up, 
and  I  hope  to  be  able  to  publish  a  descriptive  catalogue  of  tliem  within 
the  next  two  years.  Up  to  the  present  about  2,700  species  have  been  col- 
lected in  the  State. 

The  collecting  and  detailed  study  of  the  distribution  of  the  above  men- 
tioned insects  In  Indiana  has  developed  certain  facts  regarding  the  life 
zones  of  the  State  which  I  thought  might  be  of  interest.  In  a  map  ac- 
companying his  paper  entitled  "Life  Zones  and  Crop  Zones  of  the  United 
States,"  published  in  1898,  Dr.  C.  H.  Merriam,  chief  of  the  Biological  Sur- 
vey of  the  U.  S.  Department  of  Agriculture,  showed  the  "Upper  Austral 
Zone"  as  covering  tlie  entire  State  with  the  exception  of  a  very  small 
area  of  the  Lower  Austral  in  the  extreme  southwestern  comer.  The  facts 
brought  out  regarding  the  distribution  of  Orthoptera  and  Coleoptera  in 
Indiana,  which  are  supplemented  by  numerous  field  notes  on  other  groups 
of  insect  and  animal  life,  and  on  the  flowering  plants,  prove  conclusively 
that  the  'Transition  Zone,"  represented  by  the  Alleghanian  fauna  and 
flora,  overlaps  the  northern  fourth  of  the  State,  while  the  "Lower  Austral 
Zone,"  represented  by  the  Austroriparian  fauna  and  flora,  overlaps  the 
greater  part  of  the  southern  third.  TMe  Carolinian  fauna  and  flora  of  the 
Upper  Austral  embraces,  of  course,  the  prevailing  forms  of  life  in  the 
State,  93  of  the  148  species  of  Ortlioptera  l>elonging  to  it  The  majority 
of  these  range  over  the  entire  State,  mingling  with  the  representatives  of 
the  Alleghanian  fauna  in  the  north  and  with  those  of  the  Austroriparian 
fauna   In  the  southern  third.    The  proportion  of  Coleoptera  belonging  to 
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the  Caroliniau  fauna  will  be  about  the  same,  but  the  exact  figures  cannot 
as  yet  be  given.  To  the  Carolinian  fauna  belong  also  the  great  majority 
of  the  other  forms  of  animal  life  in  the  State. 

As  some  members  of  the  Academy  may  not  he  acquainted  with  Dr. 
Merriam*s  paper  I  would  state  that  he  divides  the  continent  of  America, 
according  to  the  distribution  of  its  animals  and  plants,  into  three  primary 
transcontinental  regions,  viz.,  Boreal,  Austral  and  Tropical.  The  Boreal 
region  covers  the  whole  of  the  northern  part  of  the  continent  from  the 
Polar  sea  southward  to  near  the  northern  boundary  of  the  United  States, 
and  occupies  also  the  higher  parts  of  the  three  great  mountain  systems, 
viz.,  the  Sierra-Cascade  range,  the  Rocky  and  the  Alleghany  mountains. 

The  Tropical  region  is  represented  in  the  southern  part  of  the  penin- 
sula of  Florida  only.  The  Austral  occupies  the  intervening  territory,  cov- 
ering the  whole  of  the  United  States  and  Mexico  except  the  Boreal  moun- 
tains and  Tropical  lowlands. 

Each  of  these  three  great  regions  is  again  subdivided  into  a  number 
of  minor  belts  or  areas,  known  as  zones,  and  characterized  by  particular 
associations  of  animals  and  plants,  the  Austral  region,  which  alone  if 
represented  in  Indiana,  behig  subdivided  into  the  three  transcontinental 
belts  mentioned  above,  namely,  the  "Transition,"  "Upper  Austral*'  and 
"Lower  Austral'*  zones. 

THE  TRANSITION  ZONE. 

The  uppermost  of  the  three  Austral  divisions  is  the  transcontinental 
belt  in  which  the  Boreal  and  Austral  elements  overlap.  In  Indiana  It  is 
represented  in  the  two  northern  tiers  of  counties,  which  c*ounties  embrace 
several  hundred  fresh  water  lakes  within  their  bounds.  These  lakes  range 
in  size  from  an  area  of  half  an  acre  up  to  five  and  a  half  square  miles. 
About  their  margins  are  often  extensive  areas  of  low  l>oggy  land  covered 
with  numerous  forms  of  plant  life  whose  main  distribution  is  far  to  the 
north  and  which  have  here  their  southern  limit.  Among  the  more  charac- 
teristic plants  of  the  Alleghanian  flora,  which  are  found  only  in  the  north- 
em  fourth  of  Indiana,  are  the  following:  Larch  or  tamarack.  Lariat  lari- 
cina  (Du  Roi)  ;  arbor  vltae  or  white  ce<lar,  Thuja  occidentals  L.;  ftilse 
lily  of  the  valley.  (Uii folium  ranadcnsr  (Desf.) ;  moccasin  flower,  Cypri- 
pcdium  acaulc  Ait.;  .showy  lady's  slli>]K»r.  ('ypripcdium  reginae  Walt; 
bog  orchis,  Arcthusa  hiilhom  L. ;  fen  orchis,  Lcptorchis  loesvHi  (L.) ;  aweet 
fern,  Comptc/nia  pcrct/rina  Hj.)  ;  i)apor  or  cam»e  birch,  Bctula  papyrifen 
Marsh;  speckled  or  hoary  alder,  Alnun  incana  (L.) ;  gold-thread,  Copiis  tf^ 
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folia  (L.) ;  round-leaved  sundew,  Drosera  rot undi folia  L. ;  black  choke- 
berry,  Aronia  niura  (Willd.)  ;  round-leaved  wlntergreen,  Fyrola  rotundi- 
folia  L.;  shinleaf,  Pyrola  elliptica  Nutt. ;  creeping  wintergreen,  QaultheHa 
procumhenn  L, ;  large  cranberry,  Oxffcoccus  macrocarpus  (Ait.)  ;  chickweed 
wintergreen,  Trientalis  america^ui  Pursh.,  purple  bladderwort,  Utricularia 
purpurea  Walt.,  and  the  twin-flower,  Linnae  horealis  L. 

Among  the  mammals  and  reptiles  the  following  representatives  of  the 
Alleghanian  fauna  occur  in  the  northern  fourth  of  the  State:  Canada 
iwrcupine.  Erethizon  dornatUM  (L.)  ;  red  squirrel  or  chickaree,  tfciurus 
hudsonicug  Erxleben;  star-nosed  mole,  Condylura  crista ta  (L.)  ;  hoary 
bat,  Atalapfia  cinerea  (Beauv.)  ;  American  badger.  Taxidea  americana 
(Boddaert)  ;  speckled  tortoise,  Clewmyft  guttata  (Schneider)  ;  and  Blan- 
ding*s  tortoise,  Emvs  meJcagris  Shaw. 

Of  the  Orthoptera  from  the  State,  23  sjiecles,  or  15.5  per  cent  of  the 
total,  may  be  classed  as  belonging  to  the  Alleghanian  fauna  and  as  occu- 
pying the  southern  limits  of  the  Transition  Zone,  which  lies  between  the 
Boreal  and  Upper  Austral  zones.  These  truly  northern  memt)ers  of  our 
Orthopteran  fauna  are  as  follows : 


INDIANA  ORTHOPTERA  BELONGING  TO  THE  ALLEGHANL\N  FAUNA. 


1.  Orphulella  pelidna  (Burm.)  12. 

2.  OrphuUlla  speciona  (Scudd.)  13. 

3.  Sienobothrus  curtipennis  Harr.  14. 

4.  Mecosteihus  lineatus  Scudd.  15. 

5.  CamntUa  peUudda  (Scudd.)  16. 

6.  Hippiscus  haldefnanni  (Scudd.)  17. 

7.  Spharageman  wyomingianum  18. 

(Thom.)  19. 

8.  Trimerotropis  maritima  (Harr.)  20. 

9.  Schistocerca  rubigitiosus  (Harr.)  21. 

10.  Hesperotettix  pratensis  Scudd.  22. 

11.  Afe/anop/ti« /a«cu7<?i«  (Walker)  23. 


Melanoplus  extremus  (Walker) 
Melanoplus  angxistipennis  (Dodge) 
Phcetaliotes  nebrascensis  (Thom.) 
Paroxyn  scudderi  Bl. 
Scudderia  pistiUata  Brunn. 
Conocephalus  robustus  Scudd. 
Orchelimum  indianense  Bl. 
Orchdimum  delicxxtum  Brun. 
Orchelimum  gladiator  Brun. 
Nemobius  pauLsiris  Bl. 
Nemobius  confusus  Bl. 
Gryllus  arenaceus  Bl. 


No  list  of  the  Coleoptera  of  the  Transition  Zone  has  ever  been  pub- 
lished, but  about  1848  Louis  Agassiz  and  other  parties  made  a  trip  to 
the  northern  shore  of  Lake  Superior,  and  in  a  volume  published  in  1850, 
treating  of  the  natural  history  and  other  features  of  that  region.  Dr.  J. 
L.  Le  Conte  listed  the  beetles  taken  and  describwl  many  new  species.  Of 
these  more  than  forty  have  been  taken  in  the  northern  fourth  of  Indiana 
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and  nowhere  else  In  the  State.  They  occur  for  the  most  part  in  and 
around  the  bordera  of  the  Tamarack  marshes,  which  are  familiar  features 
in  many  of  the  counties  in  this  area  of  Indiana.  Numerous  other  species 
whose  range  is  given  by  Le  Conte  and  Horn  as  ''southern  border  of  British 
America  and  northern  United  States"  occur  in  this  Transition  Zone  of  the 
State,  and  a  complete  list  of  them  will  be  given  in  the  paper  on  Coleoptera 
when  published. 

THE  LOWER  AUSTRAL  ZONE. 

The  extreme  northern  boundary  of  the  Lower  Austral  life  zone  passes 
in  a  northwest-southeast  direction  through  the  following  counties  in  In- 
diana :  Vigo,  Clay,  Owen.  Monroe,  Jackson,  Jennings,  Jefferson  and 
Switzerland.  In  tlie  territory  south  of  this  line  the  Austroriparian  fauna 
of  that  zone  overlaps  and  merges  with  the  Carolinian  fauna  of  the  Upper 
Austral  zone.  The  extension  northward  on  the  western  line  of  the  State 
is,  without  doubt,  due  to  the  presence  of  the  broad  and  sheltering  valley 
of  the  Wabash  River,  within  the  confines  of  which  certain  southern  forms 
have  found  a  climate  mild  and  suitable  to  their  habits.  Within  this  val- 
ley the  following  members  of  the  Austroriparian  flora  grow  indigenously, 
a  numl)er  of  them  as  far  north  as  Terre  Haute :  Bald  cypress,  Taxodium 
distichum  (L.)  ;  upright  burhead,  Echinodorus  cordifolins  (L.)  ;  showy 
amaryllis,  Hymcnocallis  occidentalis  (LeC.)  ;  pecan,  Hicoria  pecan 
(Marsh);  swamp  or  downy  poplar,  Populns  hetcrophylln  L. ;  chinquapin, 
Cantanea  pumila  (L.)  ;  Texan  red  oak,  Querctis  tcxana  Buckley;  pipe  vine, 
ArUtolochia  tonicntosa  Sims;  American  lotus,  "Sehimho  lutea  (Willd.) ; 
Carolina  moonsoed,  Cchatha  Carolina  (L.)  ;  great  bumet,  Sanguisorha 
canadensis  L. ;  water  or  swamp  locust,  (Jleditsia  aquatica  Marsh;  water 
ash,  Fraxinns  caroUninna  Mill,  and  crossvine,  Bignonia  cmcigera  L. 

Among  other  characteristic  southern  plant  forms  occurring  in  Indiana 
south  of  the  northern  boundary  of  the  Lower  Austral  zone  are:  The 
yellow  pine.  Pinus  cchinuta  Mill.;  mud  plantain,  Heteranthera  reniformis 
R.  &  P. ;  false  aloe.  Agave  virginka  \j.\  Spanish  oak,  Querctts  digitata 
(Marsh)  ;  southern  hacklx^rry,  Celt  is  mississippiensis  Bosc. ;  American 
mistletoe,  Phoradendran  flavescens  (Pursh.)  :  cucumber  tree.  Magnolia 
acuminata  L. ;  pencil  flower,  i^tylosanthes  hi  flora  (L.)  ;  Carolina  buckthoni. 
Rhamnus  caroJiniana  Walt.;  yellow  passion  flower,  Passiflora  lutea  L.; 
Hercules  club,  AraJia  spinosa  L. ;  i)ersimnion,  Diospyros  rirginiana  L.;  uni- 
corn plant,  Martynia  louisiana  Mill.;  catalpa.  Catalpa  catalpa  (L.),  and 
the  rough  button-weed,  Diodia  teres  Walt. 
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The  sonthem  mocking  bird,  Mimus  poljffflottos  (L.).  nests  in  numbers 
as  far  north  as  Terre  Haute,  and  the  **chucliwills  widow,"  a  southern  ally 
of  the  whip-poor-will,  occurs  in  Knox  and  Gibson  counties;  while  among 
the  batrachians  and  reptiles  the  hellbender,  Cryptobranchufi  alleghaniensia 
(Daud.)  ;  the  southern  cridvct  frog,  Acris  grylluH  Le  Conte;  the  com 
snake.  Ophiholus  doliatus  (L.)  ;  Say's  chain  snake,  Ophibolus,  calligaster 
(Say)  ;  the  bead  snake,  Elaps  fulvius  (L.)  ;  the  ground  lizard,  Oligoaoma 
laterale  (Say)  ;  the  alligator  snapping  turtle,  Macrochelys  lacertina 
(Schweigger),  and  the  yellow-bellied  terrapin,  PHCUdemys  troosti  (Hol- 
brook),  all  forms  whose  main  distribution  is  far  to  the  south,  find  in 
southern  Indiana  a  congenial  abiding  place. 

It  is  not  strange,  therefore,  that  we  find  living  with  these  plants  and 
animals  a  number  of  Orthoptera  and  Coleoptera  whose  range  has  hereto^ 
fore  been  thought  to  be  confined  to  the  w^gioii  niapi>ed  by  Merriam  as  the 
'*Lower  Austral."  Thirty-two  of  the  148  sixties,  of  Orthoptera,  or  21.6 
Iier  cent  of  the  total,  may  be  classed  as  southern  forms.  They  are  as 
follows: 


I    I 


INDIANA  ORTHOPTERA  BELONGING  TO  THE  AUSTRORIPARIAN 

FAUNA. 

Schwtocerca  damnifica  (Sauss.) 
Melanoplus  morsei  Bl. 
Melanoplus  impudicus  Scudd. 
Amblycorypha  uhieri  (Brunn.) 
Conocephnlus  bruneri  Bl. 
Atlanticus  dorsalis  (Burm.) 
Camptoriotus  caroUnensis  (Gers.) 
CeiiUiophUus  atygius  (Scudd.) 
Ceuthophilus  uhleri  Scudd. 
M yr7tiec4yphila  pergandei  Brun. 
Nemobius  canus  Scudd. 
Nemobius  cul^ensis  Sauss. 
Gryllus  firmus  Scudd. 
Miogryllu^  saussurei  (Scudd.) 
Phylloscirtus  puhhelhis  (Uhl.) 
Apithes  agitator  Uhl. 
Orocharis  saltator  lUil. 


1. 

Temnapteryx     deropeltiformis 

16. 

Bnmn. 

17. 

2. 

Ischnoptera  inacqualis  Sauss- 

18. 

Zehnt. 

19. 

3. 

Ischnoptera  major  (Sauss.-Zehnt.) 

20. 

4. 

Stagmomantis  Carolina  (L.) 

21. 

5. 

Gonaiista  grisea  (Fab.) 

22. 

6. 

Anisotnorpha  jerruginea  (Pal.  de 

23. 

Beauv.) 

24. 

7. 

Tettix  arenosu9  Burm. 

25. 

8. 

Neotettix  hancocki  Bl. 

26. 

9. 

Tetiigidea  spicata  Morse. 

27. 

10. 

Tettigidea  lateralis  (Say). 

28. 

11. 

Syrbulu  admirahUis  (Uhl.) 

29. 

12. 

Hippiscus  phctnicopterus  (Germ.) 

30. 

13. 

Mestobregma  cinctum  (Thom.) 

31. 

14. 

Trimerotropis  citrina  Scudd. 

32. 

15. 

Leptysmn  marginicoUis  (Serv.) 
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Of  the  speciee  listed  but  four,  one  of  theni  being  the  Carolina  mantis 
or  rear-horse,  Stagmomantis  Carolina  (L.)»  and  the  others  Campionotus 
carolincnMa  (Gers.).  !>!vrbula  aftmirabilis  (Uhl.)  and  Orocharis  saltator 
Uhl.,  have  been  talcen  in  small  nunibera  as  far  north  as  Marion  County; 
all  of  the  others  only  south  of  the  line  mentioned  as  forming  the  northern 
border  of  the  I-iower  Austral. 

In  this  Lower  Austral  s&one  I  have  also  taken  more  than  one  hundred 
species  of  beetles  whose  range  heretofore  has  been  given  as  the  Gulf  or 
Southern  States.  Among  them  are  some  of  the  largest  and  most  striking 
members  of  Coleoptera  taken  within  the  State,  regular  **Oh,  my!  beetK«;" 
that  is,  those  which  l)eget  the  ejaculation  "Oh.  my  I"  wlien  they  are  noted 
by  persons  not  espec^lally  interested  In  the  order.  Among  these  two  of 
our  largest  tiger  beetles  of  the  genus  Tctracha;  the  stag  beetle,  Lucanus 
elaphus  B^ab. ;  the  rhinoceros  beetle,  Dy Hasten  tiiyrus  LInn. ;  the  unicorn 
beetle,  Xyloryctes  satynm  Fab.,  and  the  flg-eating  l)eetle,  AUwhina  nitida 
L.,  are  examples  most  worthy  of  note. 

It  will  be  noted  tliat  the  lino  which  separates  the  Lower  Austral  from 
the  Upper  Austral  zones  in  the  State  corresponds  somewhat  approximately 
with  the  southern  border  of  the  glacial  invasion  of  Indiana,  and  it  is  more 
than  probable  that  the  ancestors  of  many  of  these  southern  forms  existed 
in  southern  Indiana  in  preglacial  times,  when  the  climate  was  much 
warmer  than  now.  It  is  also  probtible  that  many  of  these  Orthoptera  and 
Coleoptera,  as  well  as  a  number  of  those  siKH-les  inhabiting  the  entire 
State,  advanced  into  the  State  from  the  south  as  fast  as  it  was  uncovered 
by  the  receding  ice. 

I'PrER  AUSTRAL  ZONE. 

Of  the  I'piier  Austral  Zone,  which  covers  the  greater  portion  of  the 
State  and  whowe  fauna  and  tlora  overlai>  and  merge  with  those  of  the 
Transition  Zone  in  tlie  north  and  the  I^)wer  Austral  Zone  in  the  south,  I 
have  but  little  to  sjiy,  as  this  fauna  and  flora  are  the  ones  whose  menibern 
are  most  familiar  to  all  present.  Merriam,  in  his  paper  above  cited,  states 
that  counting  from  the  north,  the  Tijikt  Austral  area,  represented  by  the 
Carolinian  fauna  and  flora,  is  that  in  which  the  sassafras,  tulip  tree, 
hackberry,  sycamore,  sweet  gum,  redbud  and  short  leafed  pine  first  make 
their  api>earance.  Along  witli  thc.s«»  trees  and  shrubs  are  found  the  opos- 
sum, gray  fox.  fox  scjuirrel,  cardinal.  Carolina  wren,  tufted  titmouse, 
blue-gray  gnatcatcher,  summer  tauager  and  yellow-bivastiHl  chat. 
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As  already  mentioned,  the  great  proportion  of  the  Orthoptera  and 
Coleoptera  of  the  State  l)elong  to  this  Carolinian  fauna,  and  a  great  ma- 
jority of  the  same  species  are  found  in  Ohio,  the  eastern  two-thirds  of 
Kentucky,  nearly  all  of  Illinois,  Iowa  and  Missouri  and  the  eastern  halves 
of  Nebraska  and  Kansas. 

To  the  facts  above  given  many  others  could  doubtless  be  added  by 
those  members  of  the  Academy  from  the  extreme  northern  or  southern 
portions  of  the  State  who  have  studied  rather  closely  the  fauna  and  flora 
of  their  respective  areas. 
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Animals  of  the  Olympic  Peninsula,  Washington.' 


By  Albert  B.  Ueaqan. 


For  the  past  three  years  I  have  been  making  observations  on  tlie  ani- 
mals of  the  Olympic  Peninsula  as  time  would  permit.    These  I  give  below : 

Sciurus  douglasi  Bach. 

This  is  a  very  common  squirrel.     It  is  colored  grizzly  rufus  to  rusty; 
but  in  color  its  tail  is  very  variable.     It  lives  in  the  eonifertms  forest  and. 
f€?eds  upon  the  cones. 

Tamias  townsendi  Bach.     Washington  Chipnumk. 

A  very  pretty  chipmunk  found  everywhere  to  an  elevation  of  U,0()0  to 
4,000  feet.  I  saw  one  specimen  at  snow  line  at  the  head  of  the  Soleduck 
River. 

From  the  shore  line  to  the  snow-capped  mountains  tliese  squirrels  were 
observ'ed  to  bark  when  suddenly  disturbed ;  but  when  calling  each  other 
they  uttered  a  querulous  chirp.  This  squirrel  is  very  shy  till  it  gets 
"acquainted."  Then  it  becomes  quite  a  pest  and  a  little  thief.  At  the 
Soleduck  springs  I  have  seen  them  crawl  over  a  person  while  lying  still, 
and  have  known  them  to  steal  bread  off  of  a  table  in  the  Siime  tent  where 
cooking  was  going  on. 

Tamias  cauriniia  Merr. 

Only  one  individual  of  this  spwios  was  st^en  at  tinil>er  line  in  tlie 
Happy  Lake  country. 

Arctomyft  olympicua  Merr.     Olympic  Marmot. 

I  saw  only  one  pair  of  these  animals  on  a  ridi^e  IxHween  the  Soleduck 
River  and  East  Fork.  Their  color  was  ocliraceous  yellow.  In  actions 
they  imitate  a  prairie  dog  very  much ;  but  in  size  they  are  consi<lerably 
larger.     Some  are  said  to  weigh  as  much  as  twonty-fi\'e  poun<ls. 


1.  In  identifying  the  species  here  (riven  I  have  used  the  "Catalosrue  of  Mammals 
from  the  Olympic  Mountains.  Washinoton,"  by  D.  (t.  Elliot  ("Field  C-oIumbian  Museum 
PublicAtion  32").  and  Jordan's  **  Manual  of  Vertebrates,"  as  reference  books. 
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Hciurtjpterus  alpinus  olympicun  Elliot.    Olympic  Flying  Squirrel. 

One  individual  of  this  species  was  caught  in  a  trap  at  La  Push  hy  one 
John  Sailto  last  winter  while  trapping  for  mink.  This  is  the  oniy  one 
seen  in  the  region  so  far  as  the  writer  knows.  Tlie  animal  is  supposed 
to  be  nocturnal  in  its  habits. 

Hoplodontia    olympica    Merr.     Olympic    Mountain     Beaver    or    "Gehalis 

Farmer.*' 

I  have  seen  several  hides  of  these  animals  whii*h  the  Indians  had 
I)roi*ured  to  sell  to  the  fur  companies;  also  some  captuivd  young.  But 
I  have  never  visited  their  farms.  The  natives  tell  me  that  these  little 
animals  cut  down  a  grass  or  low  lily  near  where  they  make  their  burrows, 
spread  out  the  hay  and  dry  it  in  the  sun  and  then  take  it  into  their  holes 
to  serve  as  food  or  bed.  These  beavers  are  mu<h  smaller  than  the  "beavers 
of  the  Mogollon  Mountains,  the  only  other  l>eavers  I  have  seen. 

Peromyseus  akelcyi  Elliot. 

This  long-tailed,  large-eared  mouse  is  a  common  pest  and  is  to  be 
found  everywhere.  It  rivals  the  dom^pstic  mouse  of  the  Eastern  States 
in  its  efforts  to  live  in  the  same  house  with  the  master  of  creation  when 
a  cabin  is  pitched  in  the  forest.  But  it  is  more  easily  caught  than  its 
brother  mouse;  54  \%'ere  drownoil  in  a  waterpail  in  a  house  on  the  edge 
of  a  new  clearing  near  here  in  one  night.  In  color  it  is  rather  dark  with 
an  almost  black  dorsal  area.  And  in  size  it  is  a  little  under  that  of  the 
domestic  mouse.     Its  tail  is  as  long  or  longer  than  the  head  and  body. 

\eo1oma  occideiitaJiH  Baird.     Wood  Rat. 

A  colony  of  these  rats  was  found  at  the  mouth  of  the  Hob  River.  I 
went  to  stay  all  night  in  a  house  where  a  baclielor  was  stiiying.  The 
owner  said  the  housc>  was  haunted,  that  the  former  owner  was  a  sea  cap- 
tain, and  that,  wrecking  his  ship  on  the  reefs  at  the  mouth  of  the  river 
adjacent,  his  troubled  sjiirit  came  back  at  night  and  thumptKl  and  knocked 
about  the  floors  and  house  walls.  I  sjiid  notliing  but  set  a  "figure  four" 
trap;  and  the  next  morning  it  was  not  the  sailor's  spirit  that  was  in  it, 
but  instead  there  was  a  huge  wood  rat. 

In  color  this  rat  resembles  \eotoma  chwrca  columhiaim  very  much 
but  is  darker,  especially  along  the  dorsjil  area.  It  has  a  conspicuous 
bushy  tail.  The  animal  has  some  very  peculiar  habits.  It  (»arries  large 
sticks  of  wood  around,  and  when  on  a  floor  or  anything  which  will  pro- 
duce a  sound  it  thumiw  the  wood  up  and  down  on  the  sounder  for  no  other 
jairpose.  It  seems,  than  that  of  henring  the  noist*.     It  makes  its  nest  of 
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sticks.  Another  pc»cullnr  characteristic  it  has  is  that  of  **tra(ling;"  It 
never  talces  anything;  witliont  leaving  somethina:  in  its  place.  For  this 
reason  it  is  called  the  "trade  rat"  by  tlie  settlers.  In  size  it  is  about  as 
large  as  a  common  gray  squirrel. 

Evotomys  nivurius  Bailey. 

Tills  alpine  species  of  mouse  was  seen  only  near  the  Happy  Lake 
country.  It  lives  in  colonies.  In  color  its  dorsal  surface  is  strongly 
marked  with  chestnut,  sides  of  body  gray  and  buff,  under  parts  white, 
tail  bi-color.     The  tail  is  halt  us  long  as  the  body. 

Microtus  macrurus  Merr. 

I  found  a  dead  spe<*inien  on  the  trail  from  Crescent  Lake  to  the  Solt»- 
duck  Hot  Springs.     It  seems  to  l)e  rare. 

Microtus  morosus  Elliot. 
A  common  si^ecies. 

Mwrotua  orcyoni  Bach.     Meadow  Vol(». 

Not  many  imlividuals  of  this  siMHries  were  st»en  by  the  writer. 

ThomomyH  viclafwps  Merr.     Gopher. 

This  animal  is  a  common  i>est  in  hay  fields.  In  color  it  is  pale  brown 
to  reddish,  with  considerable  black  about  the  head  and  face. 

Zapua  impcrator  Elliot.     Kangaroo  Mouse. 

This  is  an  abundant  spe<*ie8,  but  hard  to  catch.  In  color  its  sides  are 
buff,  back  dark,  under  parts  white. 

Sorcjr  vafjraus  Baird.     Shrew. 

Only  three  individuals  of  this  species  were  seen. 

Lcpim  irashitifjtotU  Baird.     Washington  Babbit. 

Description :  Male — Brown  from  head  to  tail  on  back  and  sld<.*8.  Chin 
and  lower  jaw  whit(»  to  light  brown,  neck  brown  beneath,  rest  of  under 
parts  white,  h'lrs  brown  without,  front  legs  white  on  outside,  front  of 
Mfcid  legs  white,  hair  re<l<lish  brown  on  flanks  just  in  front  of  each  hind 
leg,  tip  of  t<H's  of  each  foot  white.  Tail  short,  ending  in  a  tuft  of  dark 
hair,  color  of  hair  al>ov(»  <lark  brown,  light  brown  beneath.  Anal  tuft 
nearly  white.  Hin<l  h^s  from  kiicM*  to  foot  on  back  dark  to  dark  brown. 
Each  front  leg  has  a  small  linear  white  spot  on  front  of  knee. 

Length  of  hea<l  .S.l'J.l  in.,  thickness  of  head  at  base  of  skull  2.625  in., 
width  of  base  of  lower  jaw  1.875  in.,  width  of  ear  at  widest  part  1.375  in., 
length  of  middle  front  toe  1  in.,  length  of  hind  leg  11.125  in.,  length  of  hind 
foot  and  leg  beneath  the  knee  4.87r>  in.,  length  of  hind  foot  1.875  in.,  length 
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of  middle  toe  of  hind  foot  1.375  in.,  length  of  claw  of  middle  toe  of  hihd 
fo4>t  .5  in.,  length  of  neck  2  in.,  length  of  body  11  in.,  length  of  tail  1.125  in. 

Female — ^Tho  sides  of  the  female  are  a  lighter  brown  than  those  of 
the  male  and  the  white  of  the  lower  parts  have  longer  hairs  of  brown 
st'attered  through  them  in  numbers  enough  to  make  those  parts  appear 
light  brown.    The  female  is  considerably  larger  than  the  male. 

Both  the  male  and  female  rabbits  walk  more  on  the  hind  leg  from 
the  knee  down  to  the  foot  than  the  "cotton  tail"  does.  These  rabbits  are 
(]uite  numerous. 

fVrri/j?  ciinadensis  occMcntalis  II.  Smith  (C  rooscvelii  Merr.)     Roosevelt 

Elk. 

Di'scription :     Head,  neck,  legs,  rump  black  to  brown. 

This  animal  is  now  found  principally  above  three  thousand  feet  ele- 
vation. They  are  not  plentiful.  I  saw  seventeen  near  the  Soloduck  Ilot 
Springs  in  August,  1900. 

OfhicoilcHS  (Cervus)  hcrminoits  Kafin.     IMack-tailed  Doer. 

This  deer  is  found  principally  in  the  '•Frozen  Lake"  country  up  near 
tlie  Olympics  proper.     It  is  not  plentiful. 

FcHm  rufa  faaciata  Elliot  (Raf.). 

This  animal  is  large  and  sjivajre.  It  i«  <lue  to  the  ravages  of  this 
animal  that  the  deer  and  elk  have  l)oen  so  reduced  in  numbers.  In  color 
it  is  a  rich  chestnut  to  a  mahogany  red. 

Canis  latrans  Say.    Coyote. 

Two  of  tliese  animals  were  killed  by  one  of  the  forest  rangers  last 
year.    They  evidently  were  strays. 

ranis  nuhilus  Say.     Gray  Wolf. 

These  animals  are  now  practically  extinct;  the  settlors  killed  them 
by  wliolesjile  with  i>oisou  to  keep  them  from  making  raids  on  their  sheep 
ranches. 

I'rsus  americanus  Pall.    Black  Bear. 

This  is  a  very  common  animal.  It  lives  principally  on  berries  in  the 
fall  of  the  year.  The  principal  berries  it  eats  are  salal,  salmon,  red  elder, 
thimble,  huckleberries  and  blueberries.  It  gets  fat  on  berries  and  is 
then  good  eating.  In  the  spring  it  lives  principally  on  skunk  cabbage.  It 
digs  it  up  and  eats  it  root  and  all.  But  when  the  salmon  begin  to  "run" 
the  bear  leaves  his  cabbage  garden  and  his  berry  patch  and  turns  fisher- 
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man.  And  he  eatelieB  the  flsh,  too.  He  goes  to  n  rii>i>le  and  wades  out 
into  the  water  and  waits  for  a  fifty  iiounder  to  coiue  along,  and  then  he 
seizes  it  with  his  front  i>aws  and  teeth  and  drags  it  asliore.  M  other 
times  he  gets  on  a  log  over  the  stream  or  on  the  hanlc  and  when  the  van- 
guard of  the  salmon  army  comes  along  on  its  march  to  the  ui>i>er  tribu- 
taries he  springs  into  the  water  and  seizes  one  of  tlieir  number;  and  he 
seldom  misses  his  aim. 
Mustela  pennant  i  pact  flea  Uhoads.    The  Fisher. 

This  animal  is  about  the  same  size  as  the  eastern  fislier.     Its  fur  is 
long,  thick  and  glossy,  varying  from  a  jet  blacli  to  a  grizzly  gray,  esi>ecially 
on  the  head  and  neck.    The  tail  is  long  and  bushy.    This  animal  is  rare. 
Mustela  americana  Kerr.     Pine  Marten. 

In  color  this  animal  is  brown  and  not  darker  l>eIow  than  above,  with 
tawny  throat  patch.  The  ears  are  high  and  sub-triangular.  1  have  seen 
but  a  few  of  these  animals.     They  »eem  to  be  rare. 

Putorius  viHon  energuminuH  Bangs.     Mink. 

This  animal  is  large  and  tlie  usual  mink  color.    8onie  si)ecimens,  how- 
ever, have  chin,  center  of  throat  and  anal  regions  white,  with  a  few  scat- 
tering white  hairs  upon  the  breast. 
Putorius  wfMhingtani  Merr. 

Only  two  individuals  of  this  si^ei'li*  were  seen  at  the  head  of  tlie 
Soleduck  River. 
PutoriuH  strcatori  Merr. 

This  is  a  very  common  weasel.  It  has  a  somewhat  variable  color, 
with  a  black  spot  thrown  in  now  and  tlien. 

Liitra  camidcims  Schrol>er.    American  Otter. 

Thes*»  animals  are  fre<]ueutly  trai)i)iHl  by  the  Indians.  Their  skins 
sell  for  $25  or  more  each. 

Mephitis  foetuleuta  Klliot. 

This  is  a  very  ctannion  skunk.  It  is  met  with  principally  along  the 
iM'acli.  where  it  f<»e<ls  on  st*awetHl  and  shellfish.  A  dozen  of  them  have 
been  stH»n  on  t\w  lieach  in  an  hour's  walk.  They  come  out  usually  just  be- 
f(>n»  dusk,  though  an  cnrasional  one  may  bt»  m»en  at  any  hour  of  the  day. 
They  are  not  the  least  bit  shy,  as  a  rule,  and  are  not  troublesome  unless 
attacktHl. 
Spilogalc  olgmpira  Klliot. 

This  Is  a  very  conunon  striiKHl  skunk.  The  Indians  catch  them  for 
their  skins;    also  for  the  skunk  oil,  which  they  use  as  medicine. 
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f^capanus  totcnsendi  Bach.    Mole. 

In  color  this  anininl  is  black  with  a  silvery  gloss;  its  feet  are  humaD 
skin  color. 

A  stuffed  specimen  is  now  in  the  museum  of  the  Kansas  Academy  of 
Science. 

MyoUs  yumanenais  mturatun  Miller.     Yellowish-Brown  Bat. 
This  species  is  quite  numerous. 

Profjyon  lotot  L.    Raccoon. 

ft 

This  animal  is  very  common. 

EnhydriH  {lutris?)  manna.    Sea  Otter.* 

This  animal  is  liot  common;  but  it  is  occasionally  captured  or  found 
dead  on  the  beach. 

A  starving  aged  squaw  found  one  on  the  beach  near  here  some  four 
years  ago  while  looking  for  barnacles  to  eat.  Slie  put  It  in  her  basket 
and  brought  It  home,  skinned  It  and  sold  the  pelt  for  more  than  $200; 
then  gave  a  '*ix>thitch"  with  the  money  and  starved  to  death  herself  the 
next  summer. 

Eumetopias  ateleri.     Sea  Lion.* 

These  animals  inhabit  the  jaggeti  island  group  between  Ozette  and 
La  Push.  I  have  visiteti  the  Islands  twice,  and  each  time  have  had  the 
luck  to  see  hundreds  of  tliese  animals  basking  in  the  sun  on  the  rocks, 
hear  their  l)ellowlng  and  see  their  playing.  It  is  quite  amusing  to  see 
a  sea  lion  "scratch"  himself  with  his  flippers.  The  Indians  kill  the  sea 
lion  for  its  flesli,  whicli  they  relish  \*ery  much. 

Phoca  Htulina.    Hair  Seal.* 

These  seals  Inhabit  the  rocky  islands  of  the  whole  coast.  The  Indians 
kill  them  for  their  flesh  and  also  for  their  hides.  The  skins  are  removed 
as  near  whole  as  jmssible,  turned  hair  side  in,  tietl  up  so  as  to  be  airtight, 
then  inflated.  They  are  then  used  as  buoys  in  catching  whale.  No  other 
wild  animal  is  so  useful  to  the  Quilentes. 


The  laMt  three  species  are  sea  animals  and  are  classed  here  only  for  convenience 


TxiE    ClI^CULATION    OF    MiXED    BtX).OD    IN    THE    EmBRYO    MaM- 

MAI.  AND  Bird,  and  in  the  Adult  Reptile,  Am- 
phibian AND  Pish. 


By   A.    G.    POHLMAN. 


Our  conception  of  the  course  of  tlie  blood  through  the  heart  of  the 
^ower  vertebrates  appears  to  be  bascnl  almost  entirely  on  the  conditions 
^ound  in  the  adult  of  the  warm-blooded  forms  (birds  and  mammals).  It 
is  well  known  that  the  adult  bird  and  mammal  possess  a  double  circula- 
tion, i.  e.,  a  cycle  in  which  venous  blood  is  propelled  from  the  heart  to  be 
returned  oxygenated  (pulmonary  circulation),  and  one  in  which  arterial 
blood  is  expelled  to  be  returned  venous  (systemic  circulation).  The 
afiforent  and  efferent  vessels  are  in  no  way  connected  save  through  a  capil- 
lary sjTstem,  and  for  this  reason  the  heart  may  be  divided  into  a  right 
or  venous  and  a  left  or  arterial  heart.  While  the  greater  part  of  the 
seventeenth  century  was  occupied  with  the  Harvey  doctrine,  the  eighteenth 
century  found  men  equally  engaged  with  the  course  of  the  blood  through 
the  fetal  heart.  Three  distinct  theories  were  suggested  before  the  begin- 
ning of  the  nineteenth  centur>' — one  biised  on  alleged  physiological  ne- 
cessity, a  second  on  the  anatomical  relations  found  in  the  fetal  mammalian 
heart,  and  a  third  on  the  logical  deductions  from  the  differences  between 
the  fetal  and  adult  circulatory  conditions.  The  differences  between  the 
fetal  and  adult  heart  in  mammals  are,  briefly,  the  right  auricle  receives 
the  precavals  (venous)  and  the  post-caval  vein  (V.  cava  inf.),  which  is 
arterial ;  a  communication  between  the  right  and  left  auricle  is  present 
(foramen  ovale),  and  a  connection  is  found  between  the  heart  efferents 
(pulmonary  artery  and  aorta)  in  the  duci:us  arteriosus. 

The  theory  based  on  physiological  necessity  (von  Hall  er- Saba  tier) 
was  this:  If  the  left  heart  In  the  adult  is  arterial,  then  the  chances  are  it 
must  also  be  arterial  in  the  fetus;  hence  the  oxygenated  bloml  in  the  post- 
caval vein  must  pass  through  the  foramen  ovale  into  the  left  heart.  It 
was  further  inferred  that  because  the  ductus  arteriosus  short-cut  the 
venous  blood  from  the  pulmonary  artery  into  the  descc»nding  aorta,  the 
vessels  arising  from  the  aortic  arch  would  convey  a  better  quality  of  blood. 
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The  net  result  of  this  scheme  was  that  not  only  did  the  head  and  upper 
extremities  receive  a  l)etter  quality  of  bU)od,  but  a  right  venous  and  a 
left  arterial  heart  was  maintained  and  a  function  was  suggested  for  the 
Eustachian  valve  in  the  right  auricle.  Unfortunately  this  doctrine  has 
l>een  antagonized  since  1835  with  little  effect  on  tlie  described  circulation 
In  the  mammalian  fetus,  and  with  no  consideration  of  its  evident  defects 
In  the  latest  text-book  (3)  on  chick  embryology.  At  the  last  meeting  of  the 
Academy  I  labeled  the  scheme  "morphologically  Inaccurate,  developmentally 
unnecessary  and  physically  imiK)8sible."  The  second  theory  (Wolff)  was 
based  on  excellent  anatomical  obsen-atlon  but  does  not  fulfil  the  physical 
requirements  of  the  proposition.  The  third  theory  (Harvey),  a  mixing  of 
the  blood  In  the  right  auricle,  was  quite  definitely  demonstrated  to  occur 
In  the  living  fetal  pig.  I  found  by  Injection  experiments  that  the  blood 
passing  into  the  heart  from  the  right  precaval  and  the  postcaval  veins 
found  its  way  Into  both  ventricles.  Interpreted  In  a  physiological  nurn- 
ner,  the  result  is  that  all  the  arteries  In  the  mammalian  embryo  contain 
a  mixed  blood.  The  point  raised,  while  of  no  practical  Importance  In  itself, 
is  interesting  because  it  was  first  suggested  by  Harvey  in  1G2S;  because 

it  may  lead  to  a  more  iierfect  understanding  of  the  anatomical  ctianges 
from  the  fetal  to  the  adiilt  circulation;  and  lastly  bei^ause  of  its  morpho- 
logical significance.  It  is  the  latter  point  that  I  would  bring  out  in  greater 
detail. 

It  Is  well  known  that  the  double  circulation  is  found  only  in  the  warm- 
blooded adult  vertebrates  (bird  and  mammal)  ;  animals  in  other  words. 
where  the  body  t)emi)erature  demands  a  greater  degree  of  oxygenation  and 
In  which  the  oxygenation  Is  entirely  confine<l  to  the  lungs.  In  the  lower 
vertebrates  this  condition  does  not  obtain,  reptiles  excepted.  TheamphibliD 
has  other  means  of  obtaining  oxygen  than  through  the  lungs,  and  the  fish, 
other  paths  than  through  the  gills.  The  relatively  low  body  temperature 
doi>s  not  necessitate  so  rich  a  content  of  oxygen  In  the  blood.  If  we  ex- 
amine this  statement  closely  wx^  st^e  that  the  embryos  of  mammal  and  bird 
resemble  the  reptile  and  aniphlbinn :  they  do  not  [XMSsess  a  distinct  foor- 
chambered  heart,  and  while  In  the  latter  the  element  of  warmth  does  not 
enter.  In  the  former  all  of  the  warmth,  i)ractlcally  speaking,  is  supplied 
by  the  maternal  body  through  Internal  or  external  Incubation.  The  meti- 
bollc  processes  of  the  mammal  and  bird  are  therefore  insufficient  to  main- 
tain the  essential  body  temix»rature. 

If  we  examine  the  phylogenetic  relation  of  the  mammal  and  bird  we 
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note  that  the  higher  mammals  carry  the  offHpriug  to  term ;  the  marsupials 
have  a  sliort  iieriod  of  gestation,  and  while  the  young  are  born  In  a  very 
immature  condition,  they  are  brooded  in  a  sac  (marsupium)  ;  the  mono- 
treme's  method  does  not  differ  essentially  from  that  of  the  bird  save  per- 
haps In  the  mode  of  the  incubation  of  the  egg  and  the  postembryonal  care 
of  the  offspring.  It  would  therefore  be  a  logical  inference  to  grant  that 
tlie  circulatory  conditions  in  the  fetal  mammal  and  bird  were  about  the 
»ume.  Indeed  the  von  Haller-Sabatier  theory  has  been  carried  over  di- 
rcjctly  to  the  bird,  i.  e..  the  right  heart  of  the  fetal  bird  is  described  as 
venous,  the  left  as  arterial. 

I  have  stated  that  the  latest  text-book  on  chick  embryology  translates 
this  blood  segregation  theory  from  mammal  to  bird  with  no  comment  on 
its  defects.  If  the  iwstcaval  vein  in  the  chick  does  carry  the  arterial 
blood  richly  laden  with  nourishment  from  the  yolk  to  the  left  auricle 
through  the  foramen  ovale,  then  the  relations  of  the  precaval  to  the  post- 
caval openings  must  be  vastly  different  from  what  tliey  are  in  the  mammal 
— but  they  are  not.  Further,  if  this  is  a  developmental  necessity,  what 
is  the  character  of  the  circulation  in  the  anomalies  where  the  right  precaval 
opens  with  or  into  the  postcaval?  Is  it  iiosslble  for  the  described  condi- 
tions to  obtain  in  these  cases  or  in  Rhea  americana,  where,  according  to 
Gasch  (2) ,  the  common  opening  of  the  right  precaval  and  the  post  caval  Is  the 
normal.  I  have  no  experimental  evidence  to  bring  up  as  yet  for  the  mixing 
of  the  blood  In  the  right  auricle  of  the  bird,  but  I  believe  there  is  sufficient 
ground  for  the  claim  that  It  occurs  from  the  similarity  to  the  mammal 
in  heart  structure,  developmental  requirements,  and  from  the  aberrant 
tyi)es  such  as  I  have  mentioned. 

Phylogenetically  the  coniie<'tIng  link  between  bird  and  reptile  is  par- 
ticularly strong;  ontogenetically  the  requlpements  for  development  differ 
only  in  body  temi)erature  (vivii)arous  forms  excluded),  and  we  would 
therefore  expect  little  difference  in  the  character  of  blooil  circulation,  al- 
though the  heart  structure  is  quite  different.  Takhig  the  turtle  as  the 
tyjie,  the  described  circulation  is  about  as  follows :  the  right  auricle  is 
venous,  the  left  auricle  arterial — both  open  into  the  incompletely  divideil 
ventricle  by  separate  openings.  The  blood  from  these  two  sources  Is 
segregated  In  corresponding  parts  of  the  ventricle,  and  w^hen  the  ventricle 
contracts,  the  Incomplete  septum  touches  the  ventricular  wall,  isolating  a 
part  of  the  venous  blood  In  a  sort  of  right  chamber  of  the  ventricle.  The 
venous  blood  is  expelled  through  the  pulmonary  artery,  mixed  blood   is 
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sent  out  through  tlie  right  aorta,  while  the  left  aorta  is  purely  arterial. 
This  is  again  the  same  scheme  as  we  found  In  the  mammal  and  resalts 
in  the  head  receiving  a  bettier  ciuality  of  blood. 

Experiments  were  performed  on  three  species  of  turtles  to  asc-ertain 
if  this  condition  prevailed.  The  plastron  removed  and  the  heart  laid  bare, 
a  double  ligature  was  passed  through  the  transA'erse  pericardial  sinus 
and  arranged  to  tie  one  at  the  distal,  the  other  at  the  proximal  edge  of 
the  sinus.  Next  cornstarch  granules  suspended  in  normal  salt  solution 
were  introduced  into  the  auricles  during  diastole;  the  auricle  allowed  to 
contract,  giving  time  to  have  the  distal  ligature  ready  to  tie  oflf ;  the  distal 
ligature  was  tightened  during  ventricular  systole  and  immediately  the 
proximal  one — isolating  three  columns  of  blood  in  the  three  vessels.  These 
were  bled  separately  into  watch  glasses  containing  dilute  acetic  acid  and 
examined  for  the  gi*anules.  It  was  found  that  granules  injected  into  the 
right  and  left,  and  in  both  auricles  simultaneously,  were  always  recovered 
from  all  three  eflPercnt  vessels.  It  must  also  be  remembereti  that  in  the 
turtle  the  fetal  circulation  is  not  unlike  that  found  in  the  fetal  bird— the 
IMJstcaval  vein  couA^eys  the  oxygenated  blood,  and  if  this  segregation  of 
blood  occurred  as  described  in  the  adult,  the  head  would  receive  only 
venous  blood.  This  objection  also  holds  good  in  tlie  (Yoci>diliaj  where, 
according  to  Wiedersheim  (6),  the  cx)ndition  is  as  follows:  'The  blood  from 
the  right  ventricle  passes  into  the  pulmonary  artery  as  well  as  into  the 
left  aortic  arch  and,  according  as  the  septum  ventriculorum  is  complete 
or  incomplete,  is  either  entirely  venous  (Crocodilia)  or  mixed  (other  ref)- 
tik*s).  A  complete  septum  ventriculorum  thus  api^ears  for  the  first  time 
in  crocmliles,  in  which,  consequently,  the  right  ventricle  contains  unmixed 
venous  blood  and  the  left  ventricle  unmixed  oxygenated  blood,  although, 
as  will  be  seen  presently,  an  admixture  takes  place  in  the  systemic  ar- 
teries." Again,  according  to  this  scheme,  the  head  will  receive  a  better 
quality  of  blood  because  the  carotids  arise  from  the  left  aortic  arch,  but 
again  the  objection  as  to  the  manner  of  transformation  from  the  fetal 
crocodile  to  the  adult  crcKCKlile  heart  would  arise.  This  form  certainly 
needs  careful  investigation.  The  purely  venous  blood  would  far  exceed 
the  i)urely  arterial,  and  the  mixture  at  the  foramen  of  Panizza  might  be 
very  complete. 

The  amphibian  circulation  is  naturally  described  on  the  basis  of  the 
segregation  of  bloi>d  and  nnist  therefore  fall  into  two  classes,  the  anural 
and  the  urodele.    The  description  of  the  anural  circulation  is  delightftiUj 
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exact  and  comprehensive  and  is  as  follows :  "It  will  be  perceived  that  the 
blood  poured  into  the  right  auricle  is  mostly  impure  or  venous,  that  poured 
into  the  left  fully  aerated  or  arterial.  When  the  auricles  contract,  which 
they  do  simultaneously,  each  passes  its  blood  into  the  corresponding  part 
of  the  ventricle,  which  then  instantly  contracts  before  th©  venous  and  ar- 
terial bloods  have  time  to  mix.  Since  the  conus  arteriosus  springs  from 
the  right  side  of  the  ventricle,  it  will  at  first  receive  only  venous  blood, 
which,  on  contraction  of  the  conus,  might  pass  either  into  the  bulbus  aortae 
or  into  the  aperture  of  the  pulmo-cutaneous  trunks.  But  the  carotid  and 
systemic  trunks  are  connected  with  a  much  more  extensive  capillary  sys- 
tem than  the  pulmo-cutaneous,  and  the  pressure  in  them  is  proportionately 
great,  so  that  it  is  easier  for  the  blood  to  enter  the  pulmo-cutaneous  trunks 
than  to  force  aside  the  valves  between  the  conus  and  bulbus.  A  fraction 
of  a  second  is,  however,  enough  to  get  up  the  pressure  in  the  pulmonary 
and  cutaneous  arteries,  and  in  the  meantime  the  pressure  in  the  arteries 
of  the  head,  trunk,  etc.,  is  constantly  diminishing  owing  to  the  continual 
flow  of  the  blood  toward  the  capillaries  (sic).  Very  soon,  therefore,  the 
blood  forces  the  valves  aside  and  makes  its  way  into  the  bulbus  aortae. 
Here  again  the  course  taken  is  that  of  least  resistance;  owing  to  the 
presence  of  the  carotid  gland  the  passage  of  blood  into  the  carotid  trunks 
is  less  free  than  into  the  wide  elastic  systemic  trunks.  These  will  there- 
fore receive  the  next  portion  of  blood,  which,  the  venous  blood  having 
mostly  l)een  driven  to  the  lungs,  will  be  a  mixture  of  venous  and  arterial. 
Finally,  as  the  pressure  rises  in  the  systemic  trunks,  the  last  portion  of 
blood  from  the  ventricle,  whicli,  coming  from  the  left  side,  is  arterial,  will 
pass  into  the  carotids  and  so  supply  the  head." 

It  will  be  seen  on  critical  examination  of  this  scheme  that  several 
points  are  open  to  argument  even  if  we  grant  the  segregation  of  bloods  in 
the  spongy  ventricle:  1,  the  element  of  time;  2,  the  mechanics;  3.  the  com- 
parative anatomy ;  and  4th,  the  experimental  evidence.  1.  The  frog's  heart 
under  normal  conditions  beats  about  00  to  the  minute  with  a  \'entricular 
systolic  phase  of  about  0.2  sec.  Now  if  one  reads  the  description,  bear- 
ing in  mind  that  the  whole  process  is  completed  in  one-fifth  of  a  second, 
and  that  all  this  is  inferred  in  order  that  the  head  shall  receive  a  better 
blood  supply,  one  is  tempted  to  hold  one's  breath.  The  time  is  short  and 
much  must  be  accomplished.  If  the  blood  in  the  systemic  arteries  is  being 
forced  toward  the  capillaries,  what  is  holding  it  back  in  tlie  pulmo-cu- 
taneous and  carotid  trunks?    Again  the  regulation  of  the  valves  and  re- 
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sistance  to  the  flow  of  blood  must  Indeed  be  very  minutely  adjusted  to 
separate  the  venous  from  a  niixe<l  and  a  mixed  from  an  arterliil  blood 
issuing  from  tlie  same  oi)ening  witli  say,  one-flfteenth  of  a  sei-ond  to  ait-om- 
piish  ejich  phnse.      2.      Furtlier  the  tracings  made  l)y  (Jomjiertz  show  that  the 
blood  readies  the  pulmo-ontai:eous  and  aortic  trunks  at  the  same  time  and 
under  the  same  pressure.     Still   furtlier  the  inspiration   in   the  frog  in- 
creases, not  decreas<»s,  the  intrathoracic  pressure  and  would  retard  the 
pul mo-cutaneous  system,  «nd  it  has  not  Ikhju  demonstrateii  satisfactorily 
to  my  knowledge  that  the  cai>illnr>'  system  of  tlie  puImcvcutan€H>U8  vesseU 
is  actually  less  develoiied  than  in  the  systemic  area.     .*?.     The  comparison 
of  tlie  various  types  of  amphibian  circulation  is  of  interest.    Bruner  (l),for 
<»xam{^le,    makes   the    following   statement :     "The    fact    tliat    the  septum 
atrionnn   disappears   wlfli   the  lungs  Indicates  clearly  that   In  the  sala- 
manders with  lungs  the  septum  performs  a  certain  function  which  becomes 
superfluous  or  impossible  aft(n"  the  loss  of  these  organs.     This  functioa  Is 
the  separation  of  the  N'enous  blo<xl  of  the  right  auricle  from  the  aerated 
blood  of  the  left  auricle.     But  what  Is  the  signiflcance  of  this  separation 
if  the  two  sorts  of  blooil  are  afterward  mixed  during  the  passage  tbroogb 
the  ventricle  and  conus?    Or  is  there,  after  all,  in  salamanders  with  lungs 
a  imrtlal  separation  of  the  aenited  and  the  venous  blood  In  its  entire  course 
through  the  heart?     Such  a  separation  cx'curs.  as  Is  well  known.  In  the 
heart  of  Rana.     Now  as  regards  the  atrium  and  ventricle,  we  find  essen- 
tially the  same  structure  in  Salamandra  as  In  Hana.     It  is  true  that  the 
septum  atriorum  In  the  salamnnder  Is  iw^rforated.  while  in  the  frog  it  Is 
not.     But  during  the  brief  stay  of  the  bhKMl  \xi  tlie  auricles  tiie  small  per- 
forations which   have  bt»en  describetl  would  iK'milt  little   mixing  of  the 
blood.     There  wouhl  l>e  much  better  opportunity  for  this  to  occur  In  the 
ventricle,  but  here  we  have  the  same  si>ongy  condition  In  Salamandra  and 
Itana.     So  far  then,  liana  (hH»s  not  seem  to  have  a  decided  advantage  over 
the  salamander  in  r(»si)ect  to  tli(»  separation  of  venous  and  arterial  blood 
In  the  heart.     We  may  therefore  conclude  that  In  the  salanmnder,  as  In 
Uana,  the  tirst  blcMHl  i)assing  from  the  ventricle  into  the  conus  during  the 
ventricular  syst(>le   Is  diiefly  vtMious.     In   Kami  this  Is  directed  Into  the 
pulmonary    artery.     In    the    salamander,    however,    the    structure   of  the 
ccmus  d(H'S  not  Indicate  that  It  could  influence  tlie  direction  of  the  Wood 
current.     We  nnist  turn.  then,  to  the  bulbus  arteriosus  and  the  great  a^ 
terial  vessi»is  for  further  light  on  our  prol)lem."     "The  .spiral  valve  of  the 
wilamanders  can  have  no  control  over  the  direction  of  blood  which  ptflses 
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through  the  conns/*  Preceding  this  Bruner  stiites:  "The  conns  of  the 
Saianiandrina  shows  the  same  general  structure  as  that  we  found  in  the 
conns  of  the  Salaniandra.  A  spiral  valve  Is  distinctly  recognizable  in  the 
lungless  form.*'     (Salamandra  has  lungs;   Salamandrina  has  none.) 

This  point  in  the  comparative  anatomy  of  the  amphibian  circulation 
I  hold  to  be  an  excellent  objection  to  the  described  course  of  the  blood 
through  the  frog  heart. 

4.  Experimental  evldem'e  on  the  amphibian  circulation  leaves  much 
still  to  be  done.  Mayer  found  that  if  the  tip  of  the  ventricle  was  cut  off 
the  blood  issued  in  two  distinct  streams.  This,  in  addition  to  the  colora- 
tion in  the  beating  frog  heart,  seems  to  hold  for  a  segregation  of  the 
venous  and  arterial  blood  in  the  spongy  ventricle.  But  Gompertz*s  experi- 
ments also  seem  to  indicate  that  even  if  this  be  true  a  mixing  must  occur 
in  the  vessels. 

The  step  from  the  amphibian  to  the  class  of  Dipnoi  Is  not  a  very  great 
one,  and  still  we  find  something  which  may  throw  light  on  the  character 
of  blood  circulating  in  the  fish.  According  to  Wiedersheim  "in  Ceratodus 
the  conns  arteriosus  is  provided  with  eight  rows  of  valves  and  begins  to 
be  divided  into  two  chambers.  In  Proto^items  this  division  is  complete, 
so  that  two  currents  of  blood,  mainly  arterial  and  mainly  venovs  re- 
spectively, pass  out  from  the  heart  side  by  side.  The  former  comes  fiom 
the  pulmonary  veip,  from  which  it  passes  into  the  left  atrium,  thence  intv^ 
the  left  portion  of  the  ventricle,  and  thence  to  the  two  anterior  branchial 
arteries.  The  venous  current,  on  the  other  hand,  passes  from  the  right 
portion  of  the  ventricle  into  the  third  and  fourth  afferent  branchial  ar- 
teries and  thence  to  the  corresponding  gills,  where  it  becomes  purified ;  it 
reaches  the  aortic  roots  by  means  of  the  efferent  branchial  arteries.  The 
paired  pulmonary  artery,  like  the  corresponding  vessel  in  the  crossopteryg- 
ians,  arises  from  the  fourth  efferent  branchial  in  Ceratodus,  and  from  the 
aortic  root  in  Protopterus  and  Lepidosiren." 

There  appears  to  be  a  physiological  flaw  in  this  description  unless  the 
fish  blood  behaves  quite  differently  from  that  in  other  animals.  Under 
the  assumption  that  the  blood  in  tlie  fish  becomes  fully  oxygenated  In  its 
passage  through  the  gills,  the  blcxxl  carritnl  to  the  lun^js  from  the  efferent 
branchial  artery  would  already  be  charjred  with  oxyjren,  and  in  this  case 
the  lungs  would  only  be  functional  when  the  fish  is  hilx^ruating  in  the 
dried  mud.  Under  the  assumption  that  the  fish  blood  is  not  fully  oxy- 
genated in  its  passage  through  the  gills,  the  lungs  would  be  accessory  to 
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the  gill  function.  In  neither  case  would  there  be  any  physiological  reason 
for  the  separation  of  the  blood  issuing  from  the  con  us.  If  the  gills  in  the 
fish  do  not  entirely  oxygenate  the  blood,  and  in  some  flsh  the  fins  apparently 
assist  in  oxygenation,  then  the  fisli  blood  really  corresponds  to  our  notion 
of  "the  mixed  blood"  (not  fully  oxygenated)  in  the  higher  forms.  Here 
again  is  a  problem  upon  which  no  definite  information  may  be  given. 

In  conclusion,  my  {K)sition  on  the  quality  of  blood  circulating  in  the 
arteries  of  the  vertebrates  is  that  it  is  what  may  be  termed  "mixed"  in 
all  forms  from  the  embryo  mammal  and  bird  to  the  fisli.  and  if  there  have 
been  advanced  various  theories  on  the  mechanics  of  the  passage  of  the 
blood  through  the  heart  of  a  given  form  thoy  have  been  based  on  the  alleged 
physiological  necessity  for  a  better  quality  of  blood  circulati<Mi  in  the  head 
In  other  words  the  systemic  arteries  convey  arterial  blood  only  in  the 
mammal  and  bird  after  birth.  I  believe  if  one  eliminates  the  idea  that 
the  head  must  re<*eive  a  better  quality  of  blood  (Sabatier  scheme)  the 
whole  doctrine  of  the  chaiacter  of  the  circulation  in  all  forms  of  verte- 
brates is  not  only  simplified  but  placed  upon  a  sound  iihysiological  and 
develoi)mental  basis. 
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The  Indiana  Academy  of  Science. 


By  J.  T.  ScovELL. 


I*rofesslonaI  men  engaged  In  almost  every  kind  of  scientific  work  united 
to  form  the  Indiana  Academy  of  Science. 

These  people  hoped  to  be  benefited  by  the  Association;  they  believed 
that  it  would  promote  scientific  resetirch  and  aid  in  the  diflFusion  of  knowl- 
edfije  concerning  scientific  affairs.  The-  p<K)ple  who  formed  the  Academy 
and  aided  in  its  development  hoped  that  as  the  j-ears  rolled  by  it  would 
so  stimulate  and  encourage  scientific  work  as  to  make  it  an  important  ad- 
junct to  the  educational  system  of  the  State. 

From  the  first,  in  addition  to  professional  work,  it  has  been  the  policy 
to  encourage  students  and  amateurs  to  prepare  papers  which  in  effect  are 
rei)ort8  of  work  done  along  some  line  of  scientific  investigation.  The  work 
may  be  new  to  science  or  it  may  not,  but  is  new  to  the  writer.  The  stu- 
dent gets  the  benefit  of  the  work  done  and  of  the  friendly  criticism  of  the 
Academy. 

Many  valuable  papers  have  been  preiwired  on  many  different  phases 
of  scientific  work.  Considerable  work  lias  been  done  by  the  Academy  on 
the  flora  of  the  State.  Some  of  the  best  work  that  has  been  done  on  the 
botany  of  the  State  has  been  done  by  members  of  the  Academy.  The  con- 
servation of  forests  the  study  of  streams  and  of  climate  and  all  sorts  of 
geological  questions  have  been  discussed  in  the  Academy.  There  have  been 
reiK>rts  on  the  reptiles  of  the  State  and  on  the  fish  that  abound  in  the 
streams.  And  several  papers  have  been  presented  on  the  insects  of  the 
State.  One  could  not  discuss  any  of  these  subjects  fully  without  consult- 
ing the  reports  of  the  Academy.  Several  pai)ers  that  were  presented  to  the 
Academy  api)ear  in  a  Geographical  Study  of  Indiana,  and  several  Academy 
papers  appear  in  the  jpeological  reports  of  Indiana. 

Similar  work  has  been  done  in  Chemistry,  Physics,  Me<'hanics,  Mathe- 
matics and  in  other  subjects. 

The  Academy  affords  an  opportunity  for  s<xial  converse  among  scien- 
tific men,  for  exchange  of  ideas  and  the  stimulus  of  association. 


210 

It  Is  In  some  sense  a  laboratory  where  students  are  stimulated  to  work, 
the  work  In  many  cases  counting  as  credits  on  university  work.  Agaiu 
these  reports  are  printed,  and  j:o  this  work  becomes  accessible  to  many 
outside  the  members  of  the  Academy.  Again,  the  Academy  has  establlshe<l 
an  extensive  system  of  exchanges  of  publications  with  other  societies,  so 
that  a  large  numlter  of  valuable  iniblications  are  accumulated  In  the  State 
Library  to  the  credit  of  the  Academy. 

Various  sanitary  problems  have  been  discussed  and  some  phages  of 
bacteriology  and  some  economic  questions  have  been  considered :  as  to  the 
supply  of  cool,  of  building  stones  and  of  materials  for  all  kinds  of  articles 
made  of  clay  or  shale. 

The  list  of  presidents  contains  the  names  of  many  noted  men  who  have 
done  good  work  in  the  Academy.  And  the  list  of  memliers  is  large,  showing 
that  hundreds  of  people  have  been  inspired  and  stinmlateil  by  asaocfatloD 
with  these  prominent  educators.  A  large  proportion  of  the  members  of  the 
Academy  are  teachers,  and  through  them  thousiinds  of  yomig  people  in  In- 
diana have  been  benefited  and  encouraged  by  the  work  of  the  Academy. 

The  Indiana  Academy  of  Science  has  been  a  success.  It  has  accom- 
plished in  a  large  way  all  that  Its  founders  hoped  for.  May  It  continue  to 
prosper. 
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AN  ACT  TO  PROVIDE  FOR  THE  Pl'BLICATION  OF  THE  REPORTS 
AND  PAPERS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE. 

[Approved   March   11,   1895.] 

Whereas,  The  Indiana  Academy  of  Science,  a  chartered  scientific 
association,  has  embodied  in  its  constitution  a  provision  that  it  wiil,  uimn 

the  retiuest  of  the  Governor,  or  of  tlie  several  departments 
'**™  **  of  the  State  government,  tlirougli  tlie  Governor,  and  through 
its  council  as  an  advisory  l>ody,  a.ssist  in  tlie  direction  and  exe<*ution  of 
any  investigation  within  its  province,  wltliout  pecuniary  gain  to  the  Acad- 
emy, provided  only  that  the  nei-essao*  exi>ense8  of  such  investigation  are 
borne  by  the  State;    and. 

Whereas.  The  reports  of  the  meetings  of  said  Academy,  with  tlie  sev- 
eral papers  read  l)efore  it,  have  very  great  educational,  industrial  and  eco- 
nomic value,  and  should  be  preserved  in  permanent  form;    and 

Whereas,  The  Constitution  of  the  State  makes  it  the  duty  of  the  Gen- 
eral Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific  and 
agricultural  improvement;    therefore. 

Section  1.  Be  it  enacted  by  the  Getieral  AxMcmbly  of  the  State  of 
Indiana,  That  hereafter  the  annual  reports  of  the  meetings  of  the  Indiana 

Academy  of  Science,  beginning  with  the  re|)ort  for  the  year 
the  Reports  of  1894,  including  all  papers  of  scientific  or  economic  value. 
Academy  of       presented   at   such   meetings,   after   they   shall    have   been 

edited  and  prepared  for  publication  as  hereinafter  pro- 
vided shall  be  published  by  and  under  the  direction  of  the  Commissioners 
of  Public  Printing  and  Binding. 

Sec.  2.  Said  reiwrts  shall  be  e<lited  and  prepare<i  for  publication  with- 
out exjiense  to  the  State,  by  a  corps  of  editors  to  be  selected  and  appolnteil 

by  the  Indiana  Academy  of  Sclenw,  who  shall  not,  by  reason 

Bditing  of  such  service,  have  any  claim  against  the  State  for  eom- 

Reports. 

pensation.  The  form,  style  of  binding,  paper,  typography 
and  manner  and  extent  of  Illustration  of  such  reports  shall  be  detennlned 

by  the  editors,  subject  to  the  approval  of  the  Commissioners 
Printed'  ^^        of  Public  Printing  and  Stationery,    Not  less  than  1,500  nor 

more  than  3,000  coiiles  of  each  of  said  reports  shall  be 
published,  the  size  of  the  edition  within  said  limits  to  be  determined  by 
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the  concurrent  action  of  the  editors  and  the  Commissioners  of  Public 
Printing  and  Stationery:  ProtHdcd,  That  not  to  exceed  six  hundred  dol- 
lars ($eOO)  shall  be  exi>ended  for  such  publication  in  any 

ProTiso. 
one  year,  and  not  to  extend  beyond  1896:     Provided,  That 

no  sums  shall  be  deemed  to  be  appropriated  for  the  year  1894. 

Sec.  3.  All  'except  three  hundred  copies  of  each  volume  of  said  re- 
ports shall  be  placed  in  the  custody  of  the  State  Librarian,  who  shall 
furnish  one  copy  thereof  to  each  public  library  in  the  State, 

one  copy  to  each  university,  college  or  normal  school  In  the   Diipoiition 

of  Reports. 

State,  one  copy  to  each  high  school  in  the  State  having  a 
library,  which  shall  make  application  therefor,  and  one  copy  to  such 
other  institutions,  societies  or  persons  as  may  be  designated  by  the  Acad- 
emy through  its  editors  or  its  council.  The  remaining  three  hundred 
copies  shall  be  turned  over  to  the  Academy  to  be  disi)08ed  of  as  it  may 
determine.  In  order  to  provide  for  the  preservation  of  the  same  It  shall 
be  the  duty  of  the  Custodian  of  the  State  House  to  provide  and  place  at 
the  disposal  of  the  Academy  one  of  the  unoccupied  rooms  of  the  State 
House,  to  be  designated  as  the  office  of  the  Indiana  Academy  of  Science, 
wherein  said  copies  of  said  ref)ortR  belonging  to  the  Academy,  together 
with  the  original  manuscripts,  drawings,  etc.,  thereof  can  be  safely  kept, 
and  he  shall  also  equip  the  same  with  the  necessary  shelving  and  furniture. 

Sec.  4.    An  emergency  Is  hereby  declared  to  exist  for 
the  immedate  taking  effect  of  this  act,  and  It  shall  there-        n»«nreii«y. 
fore  take  effect  and  be  in  force  from  and  after  Its  passage. 


APPROPRIATION  B^OR  1910-1911. 

The  appror)rlation  for  the  publication  of  the  proceedings  of  the 
Academy  during  the  years  1910  and  1911  was  increased  by  the  legisla- 
ture in  the  General  Appropriation  bill,  approved  March  9,  1909.  That 
portion  of  the  law  fixing  the  amount  of  the  appropriation  for  the  Acad- 
emy Is  herewith  given  in  full : 

For  the  Academy  of  Science:    For  the  printing  of  the 

Acftdemy  of 
proceedings   of   the    Indiana    Academy   of   Science,   twelve   SeieoM'- 

Itoffnlftr* 
hundred  dollars:     Promded,  That  any  unexpended  balance 

in  1909  shall  be  available  in  1910,  and  that  any  unexpended  balance  to 

1910  shall  be  available  in  1911. 


AN  ACT  FOR  THE  PROTECTION  OF  BIRDS,  THEIR  NESTS  AND 

EGGS. 

Sec.  602.  Whoever  kills,  traps  or  has  in  his  poQsessioo  any  wild  bird, 
or  whoever  sells  or  offers  the  same  for  sale,  or  whoever  destroys  the  nest 
or  eggs  of  any  wild  bird,  shall  be  deemed  guilty  of  a  misdemeanor  and 
upon  conviction  thereof  shall  be  fined  not  less  than  ten  dollars  nor  more 
than  twenty-five  dollars:  Proi^ded,  That  the  provisions  of  this  section 
shall  not  apply  to  the  following  named  game  birds:  The  Anatidae,  com- 
monly called  swans,  geese,  brant,  river  and  sea  duck;  the  Rallidae,  com- 
monly called  rails,  coots,  mud-hens,  gallinules;  the  Limicolae,  commonly 
called  shore  birds,  surf  birds,  plover,  snipe,  woodcock,  sandpipers,  tattlers 
and  curlew;  the  Gallinae,  commonly  called  wild  turkeys,  grouse,  prairie 
chickens,  quails  and  pheasants;  nor  to  English  or  European  house  spar- 
rows, crows,  hawks  or  other  birds  of  prey.  Nor  shall  this  section  apply 
to  persons  taking  birds,  their  nests  or  eggs,  for  scientific  purposes,  under 
permit,  as  i)rovided  in  the  next  section. 

Sec.  003.  Permits  may  be  granted  by  the  Commissioner  of  Fisheries 
and  Game  to  any  proi)erly  accredited  person,  permitting  the  holder  thereof 
to  collect  birds,  their  nests  or  eggs  for  strictly  scientific  purposes.  In 
order  to  obtain  such  permit  the  applicant  for  the  same  must  present  to 
such  Commissioner  written  testimonials  from  two  well-known  scientific 
men  certifying  to  the  good  character  and  fitness  of  such  applicant  to  be 
entrusted  with  such  privilege,  and  pay  to  such  Commissioner  one  dollar 
therefor  and  file  with  him  a  properly  executed  bond  in  the  sum  of  two 
hundred  dollars,  payable  to  the  State  of  Indiana,  conditioned  that  he  will 
obey  the  terms  of  such  permit,  and  signed  by  at  least  two  responsible 
citizens  of  the  state  as  sureties.  The  bond  may  be  forfeited,  and  the  per- 
mit revoked  upon  proof  to  the  satisfaction  of  sucli  Commissioner  that  the 
holder  of  such  permit  has  killed  any  bird  or  taken  the  nest  or  eggs  Of  any 
bird  for  any  other  purpose  than  that  named  In  this  section. 
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CONSTITUTION. 


ARTICLE  I. 

Section  1.  This  association  shall  be  called  the  iDdiaua  Academy  of 
Science.  ' ! 

! 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and 
the  diffusion  of  knowledge  concerning  the  various  departments  of  science, 
to  promote  intercourse  between  men  engaged  in  scientific  work,  especially 
in  Indiana ;  to  assist  by  investigation  and  discussion  in  developing  and 
making  known  the  material,  educational  and  other  resources  and  riches 
of  the  State ;  to  arrange  and  prepare  for  publication  such  reports  of  inves- 
tigation and  discussions  as  may  further  the  aims  and  objects  of  the  Acad- 
emy as  set  forth  In  these  articles. 

Whereas,  The  State  has  undertaken  the  publication  of  such  proceed- 
ings, the  Academy  will,  upon  request  of  the  Governor,  or  of  one  of  the  sev- 
eral departments  of  the  State,  through  the  Governor,  act  through  its  coun- 
cil as  an  advisory  body  in  the  direction  and  execution  of  any  investigation 
within  its  province  as  stated.  The  necessary  expenses  incurred  in  the  pros- 
ecution of  such  investigation  are  to  be  borne  by  the  State;  no  pecuniary 
gain  is  to  come  to  the  Academy  for  its  advice  or  direction  of  such  inves- 
tigation. 

The  regular  proceedings  of  the  Academy  as  published  by  the  State 
shall  become  a  public  document 

ARTICLE  II. 

Section  1.  Members  of  this  Academy  shall  be  honorary  fellows,  fel- 
lows, non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  in  any  department  of  scientific  work,  or 
in  original  research  in  any  department  of  science,  shall  be  eligible  to  active 
membership.  Active  members  may  be  annual  or  life  members.  Annual 
members  may  be  elected  at  any  meeting  of  the  Academy;  they  shall  sign 
the  constitution,  pay  an  admission  fee  of  two  dollars  and  thereafter  an 
annual  fee  of  one  dollar.  Any  person  who  shall  at  one  time  contribute 
fifty  dollars  to  the  funds  of  this  Academy  may  be  elected  a  life  member  of 
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the  Academy,  fi*ee  of  assessment.  Non-resident  meml)ers  may  be  elected 
from  those  who  have  been  active  members  but  who  have  removed  from  the 
State.  In  any  case,  a  three-fourths  vote  of  the  members  pri»seut  shall  elect 
to  membership.  Applications  for  membership  ih  any  of  the  foregoing 
classes  shall  be  referred  to  a  committee  on  application  for  membership, 
who  shall  consider  such  application  and  report  to  the  Academy  before  the 
election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who 
have  recognized  standing  as  scientific  men,  and  who  have  been  members 
of  the  Academy  at  least  one  year,  may  be  recommended  for  nomination  for 
election  as  fellows  by  three  fellows  or  members  personally  acquainted  with 
their  work  and  character.  Of  members  so  nominated  a  number  not  exceed- 
ing five  in  one  year  may,  on  recommendation  of  the  Executive  Committee, 
be  elected  as  fellows.  At  the  meeting  at  which  this  Is  adopted,  the  mem- 
bers of  the  Executive  Conunlttee  for  1894  and  fifteen  others  shall  be  elected 
fellows,  and  those  now  honorary  members  shall  become  honorary  fellows. 
Honorary  fallows  may  be  elected  on  account  of  special  prominwice  in 
science,  on  the  written  recommendation  of  two  members  of  the  Academy. 
In  any  case  a  three-fourths  vote  of  the  members  present  shall  elect. 

ARTICLE  III. 

Section  1.  The  oflicers  of  this  Academy  shall  be  chosen  by  ballot  at 
the  annual  meeting,  and  shall  hold  ofllce  one  year.  They  shall  consist  of  a 
President,  Vice-President,  Secretary,  Assistant  Secretary,  Press  Secretary 
and  Treasurer,  who  shall  iierform  the  duties  usually  pertaining  to  their 
resi)ective  offices  and  in  addition,  with  the  ex-Presidents  of  the  Academy, 
shall  constitute  an  Executive  (^onmiittee.  The  President  shall,  at  each  an- 
nual meeting,  appoint  two  members  to  be  a  committee,  which  shall  prepare 
the  programs  and  have  charge  of  the  arrangements  for  all  meetings  for 
(me  year. 

Sec.  2.  The  annual  me<»ting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis  within  the  week  following  Christmas  of  each  year,  nnlesB 
otherwise  ordered  by  the  Executive  Committee.  There  shall  also  be  a  sum- 
mer meeting  at  such  time  and  place  as  may  \ye  decided  upon  by  the  Execu- 
tive Committee.  Other  meetings  may  be  called  at  the  discretion  of  the 
Executive  Committee.  The  past  Presidents,  together  with  the  oflicers  and 
Executive  Committee,  shall  constitute  the  council  of  the  academy,  and 
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represent  it  in  the  transaction  of  any  necessary  business  not  especially  pro- 
vided for  In  this  constitution.  In  the  interim  between  general  meetings. 

Skc.  3.  This  constitution  may  be  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  the  attending  members  of  at  least 
one  year's  standing.  No  question  of  amendment  shall  be  decided  on'  the 
day  of  its  presentation. 


BY-LAWS. 


1.  On  motion,  any  si>ecial  department  of  science  shall  be  assigned  to 
a  curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  members 
interested  in  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  reports  shall  include  a  brief  sum- 
mary of  the  progress  of  the  department  during  the  year  preceding  the 
presentation  of  the  rei)ort. 

2.  The  President  shall  deliver  a  public  address  on  the  morning  of  one 
of  the  days  of  the  meeting  at  tlie  expiration  of  his  term  of  office. 

3.  The  Press  Secretary  shall  attend  to  the  securing  of  proper  news- 
paper reports  of  the  mt»etings  and  assist  the  Secretary. 

4.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice 
of  the  same  having  bevu  sent  to  the  address  of  each  member  at  least  fifteen 
days  before  such  meeting. 

5.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed 
by  the  President  and  countersigned  by  the  Secretary. 

(>.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two 
years,  having  been  annually  notified  of  their  arrearage  by  the  Treasurer, 
shall  have  their  names  stridden  from  the  roll. 

7.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of 
business. 
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MEMBERS. 


FELLOWS. 


tG.  A.  Abbott *1908 Fargo,  N.  D. 

R.  J.  Aley 1898 Indianapolis. 

J.  C.  Arthur 1894 Lafayette. 

J.  W.  Beede , 1906 Bloomington 

George  W.  Benton 1896 Indianapolis. 

A.  J.  Bigney 1897 Moores  Hill. 

Katherine  Golden  Bitting 1895 Lafayette. 

W.  S.  Blatchley 1893 Indianapolis. 

Donaldson  Bodine 1899 Crawfordsville. 

H.  L.  Bruner 1899 Indianapolis. 

Severance  Burrage 1898 Lafayette. 

A.  W.  Butler 1893 Indianapolis. 

W.  A.  Cogshall 1906 .Bloomington. 

tMel.  T.  Cook 1902 Newark,  Del. 

tJohn  M.  Coulter 1893 Chicago,  111. 

Stanley  Coulter 1893 Lafayette. 

U.  O.  Cox 1908 Terre  Haute. 

Glenn  Culbertson 1899 Hanover. 

E.  R.  Ciunings 1906 Bloomington. 

S.  C.  Davisson 1908 Bloomington. 

D.  W.  Dennis 1895 Richmond. 

C.  R.  Dryer 1897 Terre  Haute. 

C.  H.  Eigenmann 1893 Bloomington. 

Percy  Norton  Evans 1901 West  Lafayette. 

A.  L.  Foley 1897 Bloomington. 

M.  J.  Golden 1899 Lafayette. 

tW.  F.  M.  Goss 1893 Urbana,  DL 

Thomas  Gray  (Died  Dec.  19,  1908) 1893 Terre  Haute. 

A.  S.  Hathaway 1895 Terre  Haute. 

W.  K.  Hatt 1902 Lafayette. 

Robert  Hessler 1899 Logansport. 

*DAte  of  election. 
fNon-resident. 
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tH.  A.  Huston *1893 Baltimore,  Md. 

Edwin  S.  Johonnatt  1904 Terre  Haute. 

Robert  E.  Lyons 1896 Bloomington. 

W.  A.  McBeth 1904 Terre  Haute. 

V.  F.  Marsters 1893 Santiago,  Chili. 

C.  L.  Mees 1894 Terre  Haute. 

tJ.  A.  Miller 1904 Swarthmore,  Pa. 

W.  J.  Moenkhaus 1901 Bloomington. 

D.  M.  Mottier 1893 Bloomington. 

J.  P.  Naylor 1903 Greencastle. 

tW.  A.  Noyes 1893 Urbana,  111. 

Rolla  R.  Ramsey 1906 Bloomington. 

J.  H.  Ransom 1902 Lafayette. 

L.  J.  Rettger 1896 Terre  Haute. 

David  Rothrock 1906 Bloomington. 

J.  T.  Scovell 1894 Terre  Haute. 

Albert  Smith 1908 Lafayette. 

tAlex  Sm  th 1893 Chicago,  111. 

W.  E.  Stone. 1893 Lafayette. 

tJoseph  Swain 1898 Swarthmore,  Pa. 

M.  B.  Thomas 1893 Crawfordsville. 

tC.  A.  Waldo 1893 St.  Louis,  Mo. 

tF.  M.  Webster 1894 Washington,  D.C. 

Jacob  Westlund 1904 Lafayette. 

tH.  W.  Wfley 1895 Washmgton,  D..C. 

W.  W.  Woollen 1908 Indianapolis. 

John  S.  Wright 1894 Indianapolis. 

*Date  of  election. 
fNon-resident. 


NON-RESIDENT  MEMBERS. 

George  H.  Ashley Washington,  D.  C. 

J.  C.  Branner Stanford  University,  Cal. 

M.  A.  Brannon Grand  Forks,  N.  D. 

D.  H.  Campbell Stanford  University,  Cal. 

H.  W.  Clark Washington,  D.  C. 

H.  B.  Domer Urbana,  HI. 

A  Wilmer  Duff Worcester,  Mass. 

[2-2S00S] 
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B.  W.  Everman Washington,  D.  C. 

W.  A.  Fiske Los  Angeles,  Ca'. 

C.  W.  Garrett Pi  tsburg,  Pa. 

Charle   H.  Gilbert Stanford  University,  Gal. 

C.  W.  Greene Columbia,  Mo. 

C.  W.  Hargitt Syracuse,  N.  Y. 

O.  P.  Hay Washington,  D.  C. 

Edward  Hughes Stockton,  Cal. 

O.  P.  Jenkins Stanford  University,  Cal. 

C.  T.  Knipp Urbana,  III. 

D.  S.  Jordan Stanford  University,  Cal. 

J.  S.  Kingsley Tufts  College,  Mass . 

D.  T.  MacDougal Tucson,  Arizona. 

L.  B.  McMullen Valley  City,  N.  D. 

T.  C.  Mendenhall Worcester,  Mass. 

J.  F.  Newsom Stanford  University,  Cal. 

A.  H.  Purdue Fayett^ville,  Ark . 

A.  B.  Reagan Orr,  Minn. 

J.  R.  Slon^er Stanford  University,  Cal. 

Alfred  Springer Cincinnati,  Ohio. 

Robert  B.  Warder  (Deceased) Washington,  D.  C. 

Ernest  Walker Fayetteville,  Ark . 

G.  W.  Wilson Fayette,  la. 


ACTIVE  MEMBERS. 

C.  E.  Agnew Delphi. 

L.  E.  Allison West  Lafayette. 

H.  W.  Anderson Ladoga. 

Paul  Anderson Crawfordsville. 

H.  F.  Bain San  Francisco,  Cal. 

Walter  D.  Baker Indianapolis. 

Walter  M.  Baker Red  Key. 

Edward  Hugh  Bangs Indianapolis. 

Howard  J.  Banker Greencastle . 

H.  E.  Barnard Indianapolis, 

W.  H.  Bates West  Lafayette. 

Guido  Bell Indianapolis. 
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Bennett Valparaiso. 

8  Billings West  Lafayette. 

EHdridge  Bishop Indianapolis. 

Black Bloomington. 

a  N.  Blanchard Greencast'e . 

\  S.  Bond Richmond . 

iourke Edinburg. 

1  Boyer Lebanon. 

Brandon Bloomington. 

.  Breeze Lafayette. 

^roBsmann Indianapo'is. 

3r  ce Terre  Haute. 

L.  Butler Indianapolis. 

i  N.  Canis Indianapolis. 

e  Carman Indianapolis. 

Clinton  Carson Detroit,  Mich. 

.n  S.  Chamberlain  (Deceased) Indianapolis. 

)hansler Bicknell. 

iV.  CTiilds Kokomo. 

L'hristie Cincinnati,  O. 

lllark Connersville. 

►.  Clayton '. . . .  Portland. 

Clem Monroe  ville. 

3  Cliekner Silverwood,  R.  D.  No.  1 . 

i  A.  Coffey Petersburg. 

n  Clifford  Cox Columbus. 

ragwall Crawfordsville. 

^well Franklin. 

.  Cunningham Indianapolis. 

-E.  Daniels Laporte. 

*vi8 West  Lafayette. 

^-  Davis Terre  Haute. 

'-   I^am Indianapolis. 

'^^ Frankfort. 

-*-^ictz Indianapolis. 

^Baonds Indianapolis. 

Westfield. 

^ Syracu  e. 
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Hans  Duden Indianapolis . 

Arthur  E.  Dunn Logansport. 

Herbert  A.  Dunn Logansport. 

M.  L.  Durbin Anderson. 

J.  B.  Dutcher Philadelphia,  Penn. 

Samuel  E.  Earp Indianapolis. 

A.  A.  Eberly Nowata,  Okla. 

C.  R.  Eckler Indianapolis. 

Max  Mapes  Ellis Vincennes. 

H.  E.  Enders West  Lafayette. 

Samuel  G.  Evans Evansville. 

William  P.  Felver Logansport. 

C.  J.  Fink Crawfordsville. 

M.  L.  Fisher West  Lafayette. 

A.  S.  Fraley Linden. 

Austin  Funk Jeffersonville. 

John  D.  Gabel North  Madison. 

Andrew  W,  Gamble Logansport. 

H.  O.  Garman Indianapolis. 

J.  B.  Gamer Crawfordsville. 

Florence  A.  Gates Wabash . 

Robert  G.  Gillum Terre  Haute. 

E.  R.  Glenn Brookville . 

Frederic  W.  Gottlieb Morristown. 

Vernon  Gould Rochester. 

Frank  Cook  Greene New  Albany. 

Earl  Grimes Russellv  lie. 

Walter  L.  Hahn Springfield,  S.  D. 

C.  F.  Hardmg West  Lafayette. 

Mary  T.  Harman State  College,  Pa. 

Walter  W.  Hart Indianapolis. 

Victor  Hendricks St.  Louis,  Mo. 

L.  R.  Hessler Crawfordsville. 

John  P.  Hetherington Logansport. 

C.  E.  Hiatt Philadelphia,  Pa. 

John  E.  Higdon Indianapolis. 

Frank  R.  Higgins Terre  Haute. 

8.  Bella  Hilands Madison. 
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"andt Logansport. 

Lafayette. 

Logansport. 

Richmond . 

t>ard South  Bend. 

Indianapolis . 

West  Lafayette. 

Indianapolis. 

Q Terre  Haute. 

Lebanon. 

Durham,  N.  H. 

Lafayette. 

Greenfield. 

West  Lafayette. 

West  Lafayette. 

Terre  Haute. 

West  Lafayette. 

Lafayette. 

West  Lafayette. 

Indianapolis. 

%skey 

I CYawfordsville. 

lin West  Lafayette. 

hester Minneapolis,  Minn . 

iwaring Bloomington. 

Mason Borden. 

Indianapolis. 

n West  Lafayette. 

ller Indianapolis. 

Indianapolis. 

West  Lafayette. 

St.  Louis,  Mo. 

)  Moore 'ndianapolis. 

rer Marion . 

( Yawfordsville. 

Terre  Haute. 

jy Bedford . 
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Charles  E.  Newlin Indianapolis. 

J.  A.  Nieuwland Notre  Dame. 

G.  A.  Osner CVawfordsville. 

D.  A.  Owen Franklin. 

Everett  W.  Owen Indianapolis. 

Ferman  L.  Pickett Bloomington. 

RoUo  J.  Pierce Richmond . 

Ralph  B.  Polk Greenwood. 

James  A.  Price Ft.  Wajme. 

W.  H.  Rankin Ithaca,  N.  Y. 

C.  A.  Reddick Crawfordsville. 

C.  J.  Reilly Syracuse. 

Allen  J.  Rejmolds 

George  L.  Roberts Lafayette. 

J.  Schranmi CVawfordsville. 

E.  A.  Schultze Laurel. 

Will  Scott Bloomington. 

Charles  Wm.  Shannon Brazil. 

Fred  Sillery Indianapolis. 

Oscar  W.  Silvey W.  Lafayette. 

C.  Piper  Smith Logan,  Utah. 

Essie  Alma  Smith  Shannon Bloomington. 

E.  R.  Smith Indianapolis. 

Geo.  Spitzer Lafayette. 

Brenton  L.  Steele Pullman,  Wash . 

Chas.  Stoltz South  Bend. 

J.  M.  Stoddard 

Milo  H.  Stuart Indianapolis. 

Julius  W.  Stunner Lafayette. 

J.  C.  Taylor Logansport. 

Albert  W.  Thompson Owensville. 

A.  D.  Thorburn Indianapolis. 

Iro  C.  Trueblood  (Miss  ) Greencastle . 

W.  P.  Turner West  Lafayette. 

Chas.  A.  Vallance Indianapolis . 

J.  M.  Van  Hook Bloomington. 

W.  B.  Van  (jordcr Lyons. 

H.  8.  Voorhees Ft.  Wayne. 


J 
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ink  B.  Wade Indianapolis. 

bher  C.  Weeks West  Lafayette. 

son  L.  Weems Valparaiso. 

niel  T.  Weir Indianapolis. 

nes  E.  Weyant Indianapolis. 

ges  Wheeler Montmorenci. 

E.  White Connersville. 

red  T.  Wiancko Lafayette. 

lliam  L.  Woodbum Bloomington. 

m  W.  Woodhams Indianapolis. 

rbert  Milton  Woollen Indianapolis. 

F.  Woolsey Qeveland,  O. 

A.  Young West  Lafayette. 

x)b  P.  Young Huntington. 

E.  Young West  Lafayette. 

J.  Young Washington,  D.  C. 

cy  Youse Terre  Haute. 

A.  Zehring West  Lafayette. 

arles  Zeleny Urbana,  111. 

Fellows,  resident 46 

Non-resident 12 

Members,  active 183 

Members,  non-resident 30 


Total 271 
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THOMAS  GRAY. 


Dr.  Thomas  Gray,  a  member  of  the  Indiana  Academy  of  Science  since 
1888,  was  President  in  18iy7-8,  died  in  Terre  Haute,  Ind.,  December  19, 
1908. 

He  was  born  In  Lochgelly,  Scotland,  February  4,  1850,  received  his 
early  education  in  the  schools  of  the  district  and,  after  serving  an 
apprenticeship  in  handicraft,  entered  the  University  of  Glasgow,  gradu- 
ating from  the  Mechanical  Engineering  course,  with  high  honors,  in  1874. 
After  graduation  he  became  Research  Assistant  to  T^rd  Kelvin  (Sir  Will- 
iam Thompson).  His  work  lay  especially  in  the  direction  of  absolute 
measurements  in  electricity  and  magnetism,  electrical  and  heat  conductiv- 
ity of  glasses  of  various  compositions  and  the  variation  in  conductivity 
of  metals  under  stress.  In  1878  he  became  Professor  of  Telegraph  Engi- 
neering in  the  University  of  Tokio,  Japan.  While  there  he  became  in- 
terested in  earthquake  phenomena  and  invented  several  seismographs  and 
investigated  the  elastic  constants  of  many  rooks.  In  1881  he  returned  to 
Scotland,  becoming  Lord  Kelvin's  personal  assistant,  undertaking  investi- 
gations in  connection  with  practical  problems  in  electricity  then  coming 
to  the  front.  He  developed  and  investigated  methods  for  electrolytic 
measurements  of  electric  currents  and  largely  designed  the  well  known 
Kelvin  balances.  He  was  Lord  Kelvin's  and  Flemming  Jenkins'  repre- 
sentative as  engineer  for  the  Commercial  Cable  Companies  and  super- 
vised the  laying  of  the  Bennett-Mackay  transatlantic  cables.  In  1888  he 
came  to  Terre  Haute,  Ind.,  as  professor  of  dynamic  engineering  In  the 
Rose  Polytechnic  Institute,  which  position  he  held  until  his  death.  His 
investigational  work  was  now  mainly  of  an  engineering  character,  too 
well  known  to  recount.  He  was  the  author  of  several  important  works, 
the  best  known  i)erhaps  being  the  Smithsonian  Physical  Tables.  The 
articles  in  the  Encyclopedia  Brittanica  on  telegraphs  and  telephones  were 
from  his  pen.  He  also  edited  the  definitions  in  electricity  and  magnetism 
for  the  Century  Dictionary.  He  was  the  author  of  about  sixty  papers  on 
scientific  subjects,  communicated  to  engineering  societies  and  scientific 
Journals.     He  was  a  member  of  most  of  the  American  scientific  and  engl- 
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neering  societies  and  held  high  offices  in  a  number  of  them.  His  interest 
in  the  worlc  of  the  Indiana  Academy  of  Science  made  him  a  faithful  and 
regular  attendant  at  most  of  its  meetings.  On  the  roll  of  American  and 
European  scientists,  his  name  stands  high,  and  his  contribution  to  science, 
as  well  as  his  worlc  In  the  educational  field  while  in  this  country,  has  been 
of  the  highest  order. 

Be  it  Resolved,  That  the  Indiana  Academy  of  Science  recognize  the 
services  of  Dr.  Thomas  Gray  as  investigator,  ext)erimentalist,  teacher,  and 
loyal  supporter  of  the  Academy  by  placing  these  resolutions  and  a  sketch 
of  his  life  ui)on  the  minutes  of  this  meeting  and  print  them  in  the  volume 
of  Proceedings. 

The  Committee:    C.    L.    MEES. 

A.  W.  BUTLER. 
G.  W.  BENTON. 

Adoi)ted  by  the  Indiana  Academy  of  Science,  in  session  in  Indianapolis, 
Nov.  27,  1909. 
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W.  H.  RAGAN. 


W.  II.  Uapiu.  for  mnny  years  connectcHl  with  the  United  States  I>e- 
partment  of  Agriculture,  and  who  recently  died,  was  one  of  the  charter 
uiemberH  of  the  Indiana  Academy  of  Science.  He  was  one  of  that  com- 
pany, of  which  a  nuiul)er  of  nienibere  are  here  today,  who  were  present  at 
the  first  meeting.  At  that  time  he  was  a  member  of  the  faculty  of 
DePauw  University.  He  has  had  a  deep  interest  in  the  progress  of  science, 
and  esi)ecially  in  its  application  to  horticulture,  to  which  line  of  usefulness 
his  life  was  devoted. 

We  make  a  tribute  herewith  to  his  memory. 

The  Committee:    C.    L.    MEES. 

A.  W.  BI'TLER. 
G.  W.  BENTON. 
Adoptwl  by  the  Indiana  Academy  of  Science,  in  session  in  Indianapolis, 
Nov.  27,  1909. 
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TWENTY-FIFTH  ANNUAL  MEETING 

[DIANA  ACADEMY  OF  SCIENCE 

CLAYPOOL   HOTEL,    INDIANAPOLIS,    IND. 
November  25,  2G  and  27,  1909 


Officers  and  Ex-Offlcio  Executh-e  Committee 

Foley,  President  A.  J.  Bioney,  Assistant  Secretary 

Evans,  Vice-President  G.  A.  Abbott,  Press  Secretary 

Ransom,  Secretary  W.  A.  McBeth,  Treasurer 

Glenn  Culbertson  Stanley  Coulter 

David  Mottieb  Amos  W.  Butler 

liOBERT   HeSSLER  W.   A.   NOYES 

John  S.  Wright  M.  B.  Thomas 

O.  L.  Mees  J.  0.  Arthur 

W.  S.  Blatchley  O.  P.  Hay 

H.  W.  Wiley  T.  C.  Mendenhall 

D.  W.  Dennis  John  C.  Branner 

C.  H.  Eioenmann  J.  P.  D.  John 

C.  A.  Waldo  John  M.  Coulter 

Thomas  Gray  David  Starr  Jordan 

he  meetings  of  the  Indiana  Academy  of  Science  Thursday  evening, 
iber  25th;  Friday,  November  2(>th,  morning  and  afternoon;  Satur- 
^ovember  27th,  morning;  and  the  Informal  dinner  Thursday  night, 
tncheon  Friday  noon  and  the  banquet  Friday  night,  will  be  at  the 
Jol  Hotel, 
^e  rates  quoted  by  the  management  are  $2.00  per  day  and  upward 

European  plan  and  $4.(X)  per  day  and  upward  on  the  American  plan. 

two  or  more  persons  occupy  a  room,  the  rates  are  $1.50  and  upward 
-y,  European  plan,  and  $3.50  and  upward  per  day,  American  plan, 
reservation  and  reservations  for  the  banquet  should  be  made  at  once, 
stereoptlcon  will  be  provided. 

Committee  on  2')th  Meeting 

Amos  W.  Butler,  Chairman 

B.  Thomas  C.  L.  Mees  H.  L.  Bruner 

E.  Stone  W.  J.  Moenkhaus  J.  P.  Naylor 


28 

Local  Committee 
George  W.  Benton  John  S.  Wright  John  W.  Woodhams 

OUTLINE  OF  GENERAL  PROGRAM 

Thursday,  Novemher  25 

4 :00  p.  m.    Meeting  of  the  Executive  Committee 
6 :30  p.  m.     Informal  dinner 
8 :00  p.  m.    Opening  session 
Business 

Address— "By  Packtrain  to  tlie  Tiptop  of  tlie  United  States 
in  Quest  of  the  Golden  Trout,"  B.  W.  Evermann,  U.  S. 
Bureau  of  Fisheries,  Washington  D.  C. 

Friday  November  26 

9 :00  a.  m.    Business 

President's  Address — "Recent  Progress  in  Physics,"  Dr.  A.  L. 

Foley,  Bloomiugton 
Address — "Recent  Progress  in  Chemistry,"  Dr.  H.  W.  Wiley, 
Chief  of  the  Bureau  of  Chemistry,  U.  S.  Department  of 
Agriculture,  Washington,  D.  C. 
Address — "Recent  Progress  in  Botany,"  Dr.  John  M.  Coulter, 

Department  of  Botany,  Chicago  University 
Greetings  from  other  societies 
12:00  noon    Informal  luncheon 

2:00  p.m.    Address — ^"Darwin  Fifty  Years  After,"  Dr.  David  Starr  Jor- 
dan,  President   Leland   Stanfard   Jr.    University,    Presi- 
dent   American    Association    for    the    Advancement    of 
Science 
3:00  p.m.    Section  meetings 

The  Academy  will  meet  In  sections.    A  few  papers,  preferably 
those  of  historical  character,  will  be  read 
8 :00  p.  m.     Banquet — D.  W.  Dennis,  Toastmaster 

Saturday y  Not'cmher  27 

9 :00  a.  m.    Business 

Address— "Methods  and  Materials  Used  in  Soil  Testing,"  H.  A. 

Huston,  Chicago 
Address — "Federal   Control   of   International    and   Interstate 

Waters,"  B.  W.  Evermann,  U.  S.  Bureau  of  Fisheries 
Address — "The  Speeil  of  Migration  of  Salmon  in  the  C/olumbia 

River,"  Charles  W.  Greene,  University  of  Missouri 
Address — "Some  Hoosier  and   Academy   Experiences."   C.    A. 

Waldo,  Washington  University,  St.  Louis,  Mo. 
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Suggestions:    Plans  for  the  Academy — 
John  S.  Wright  W.  E.  Stone 

Stanley  Coulter  C.  Leo  Mees 

H.  E.  Barnard  W.  A.  Cogshall 

PAPERS   TO  BE   READ 

Unless  otherwise  stated,  papers  will  be  understood  to  be  limited  to 
fifteen  minutes.  The  first  circular  of  the  Committee  stated :  "These  papers 
will  be  presented,  and  while  probably  few  of  them  will  be  read  at  the 
meeting,  they  will  be  printed  in  the  Proceedings.' 


>» 


General 

Thought   Stimulation,   Under   What  Conditions   Does   It   Occur?     10 
minutes- Robert  Hessler 

Does  Blood  Tell? William  B.  Streeter  Greensboro,  N.  C. 

Hygiene  of  Indoor  Swimming  Pools,  with  Suggestions  for  Practical 
Disinfection.    25  minutes  Severance  Burrage 

Indiana  Problems  in  Sewage  Disposal.    10  minutes R.  L.  Sackett 

Defective  Elementary  Science William  N.  Heiney 

Some  Hoosier  and  Academy  Experiences 

C.  A.  Waldo,  Washington  University 

Darwin  Fifty  Years  After 

David  Starr  Jordan,  President  Leland  Stanford  Jr.  University 

The  Zia  Mesa  and  Ruins Albert  B.  Reagan 

That  Erroneous  Hiawatha Albert  B.  Reagan 

The  Medicinal  Value  of  Eupatorium  Perfoliatum A.  J.  Bigney 

Chemistry 

Methods  and  Materials  Used  in  Soil  Testing.    25  minutes 

H.  A.  Huston,  Chicago,  111. 
The  Discovery  of  the  Composition  of  Water  (illustrated) 

W.  A.  Noyes,  University  of  Illinois 

Molecular  Rearrangements  of  Derivatives  of  Camphor W.  A.  Noyes 

Use  of  Refractometer  in  Dry  Substance  Estimation 

A.  Hugh  Bryan,  U.  S.  Bureau  of  Chemistry 
Conductivity  and  Ionization  of  Solutions  of  Certain  Salts  in  Ethyl 

Amine.     10  minutes  E.  G.  Mahin 

Recent  Progress  In  Chemistry. 

H.  W.  Wiley.  Chief  of  the  Bureau  of  Chemistry,  U.  S.  Depart- 
ment of  Agriculture 

Electric  Osmose.    15  minutes Harry  N.  Holmes 

A  Study  of  the  Chemical  Composition  of  Butter  Fat 

O.  F.  Hunziker  and  George  Spitzer 
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On  a  New  Complex  Cyanogen  Compound A.  R.  Middleton 

The  Determination  of  Kndothennlc  Gases  by  Combustion. .  .A.  R.  Middleton 

MaihematiL'8 

Methods  in  Solid  Analytics.    15  minutes Arthur  S.  Hathaway 

Motion  of  n  Bodies.    20  minutes Arthur  S.  Hathaway 

Discussion  of  the  Regular  Inscribed  Pentagon.    5  minutes. .  .John  O.  Gregg 
If  the  Bisectors  of  Two  Angles  of  a  Triangle  are  Equal,  Those  Angles 
are  Equal.    5  minutes John  C.  Gregg 

Phynics 

Direct  Reading  Accelerometers.    20  minutes C.  R.  Moore 

Recent  Work  in  Wood  Physics.    10  minutes  W.  K.  Hatt 

Expansion  of  Paving  Blocks.    10  minutes W.  K.  Hatt 

Notes  on  the  Strength  of  Concrete  Building  Blocks.    10  minutes 

H.  H.  Schofield 

Slip  of  Riveted  Joints.    10  minutes  Albert  Smith 

Polarization  of  Cadmium  Cells Rolla  R.  Ramsey 

Investigation  of  a  Point  Discharge  in  a  Magnetic  Field Oscar  W.  Silvey 

The  Tenacity  of  Gelatine  Arthur  L.  Foley 

Objections  to  LaPlace's  Theory  of  Capillarity Arthur  L.  Foley 

Cohesion    of    Water    as    Modified    by    Certain    Dissolved    Salts.     10 
minutes Edwin    Morrison 

Geology  and  Oeography. 

Some  Features  of  Delta  Formation.     15  minutes Charles  R.  Dryer 

A  Physiographic  Survey  of  an  Area  Near  Terre  Haute,  Ind.    25  min- 
utes   Charles  R,  Dryer,  Melvln  K.  Davis 

The  Colk»cting  Area  of  the  Waters  of  the  Hot  Springs  of  Hot  Springs, 

Ark.    15  minutes A.  H.  Purdue,  University  of  Arkansas 

The   (Jeographical    and   G<H)logical    Distribution    of   Some    Pleistocene 

Mammals O.  P.  Hay,  U.  S.  National  Museum 

On  the  Restoration  of  Skeletons  of  Fossil  Vertebrates O.  P.  Hay 

Where  Do  the  Lance  Creek  ("Ceratops")  Beds  Belong,  in  the  Cretace- 
ous or  Tertiary? Oliver  P.  Hay 

Paleontology  and  the  IU»capitulation  Theory.    50  minutes K.  R.  Cumings 

The  Tippecanoe,  an  Infantile  Draimige  System.    10  minutes.  .W.  A.  McBeth 
Observations  on  Cyclones  and  Anti-Cyclones  of  North  Temperate  Lati- 
tudes.   10  minutes W.  A.  McBeth 

Zoology. 

A    Paired    Entoplastron    in   Trionyx    and    Its    Significance.      15   min- 
utes   Henry  H.  I-rfine,  Oklahoma  State  University 
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Physiological  Explanation  of  the  Psycho-Physical  Law  of  Weber.     15 

minutes   Guido  Bell 

On  the  Nature  and  Source  of  Thrombin.     12  minutes L.  J.Rettger 

Federal  Control  of  International  and  Interstate  Waters 

B.  W.  Evermann,  U.  S.  Bureau  of  Fisheries 
By  Packtrain  to  the  Tiptop  of  the  United  States  in  Quest  of  the  Golden 

Trout   (illustrated.)    B.  W.  Evermann 

The  History  of  Zoology  in  Indiana.    15  minutes C.  H.  Eigenmann 

An  Analytic  Study  of  the  Faunal  Changes  in  Indiana.     25  minutes 

Walter  L.  Hahn,  South  Dakota  State  Normal  School 
Some  Notes  on  Parasites  Found  in  Frogs  in  the  Vicinity  of  St.  Paul, 

Minn.    20  minutes H.  U  Osl>om,  Hamlin  University 

The  Mocking  Bird  About  Mooros  Hill,  Indiana A.  J.  Bigney 

Cross-Fertilization  Among  Fishes W.  J.  Moenkhaus 

Observations  on  Woodpeckers.    5  minutes John  T.  Campbell 

Paroxysmal  Ilaemoglobinuria.     10  minutes Oliver  P.  Terry 

The  Evolution  of  Insect  Galls  as   Illustratcnl   by  the  Genus  Amphi- 

bolips Mel  T.  Cook,  Delaware  College 

The  Speed  of  Migration  of  Salmon  in  the  Columbia  River 

Charles  W.  Greene,  University  of  Missouri 
Observations  on  Cerebral  Localization 

J.  Roll  in  Slonaker,  Leland  Stanford  Jr.  University 
The  Nasal  Muscles  of  Vertebrates H.  L.  Bruner 

Botany. 

Physiological  Apparatus  Frank  M.  Andrews 

Some  Monstrosities  in  Plants Frank  M.  Andrews 

A  List  of  Algfe  Frank  M.  Andrews 

Re- Vegetation  of  the  Salton  Basin  (illustrated) 

D.  T.  MacDougal,  Dlrec-tor  Desert  Laboratory,  Tucson,  Ariz. 

Forest  Conditions  in  Indiana.    15  minutes Stanley  Coulter 

Additions  to  Indiana  Flora,  Number  4.    3  minutes Charles  C.  Deam 

The  Development  of  the  Reproductive  Organs  of  Chara  fragilis.     20 

minutes  George  N.  Hoffer 

Right  and  Wrong  Conceptions  of  Plant  Rusts J.  C.  Arthur 

The  Effect  of  Preservatives  on  the  Development  of  Penicillium.     10 

minutes   Katherine  Golden  Bitting 

Recent  Progress  in  Botany .John  M.  Coulter,  Chicago  University 

Further  Notes  on  Timothy  Rust Frank  D.  Kern 

Editorial  Notice. 

All  members  of  the  Academy  will  doubtless  be  ready  to  assist  in  any 
efforts  put  forth  having  in  view  correct  and  early  publication  of  the  Pro- 
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ceedings.     To  this  end  the  following  conditions  of  publication   are  an- 
nounced by  the  editor: 

1.  All  papers  to  be  included  In  the  report  of  1909  must  be  in  the 
hands  of  the  editor  not  later  than  December  15,  1909. 

2.  All  papers  should  be  typewritten  as  far  as  the  nature  of  the  sub- 
ject will  allow. 

3.  All  tracings  and  maps  should  be  drawn  to  corresi)ond  with  the 
size  of  the  page  of  the  Proceedings,  and  must  come  within  the  following 
limits:  4^x7.  If  necessary,  it  may  be  made  to  cover  two  pages,  or  meas- 
ure 8^x11. 

4.  Authors  are  especially  request etl  to  carefully  mark  and  number 
all  illustrations  and  to  carefuly  indicate  in  the  MSS.  the  exact  location  of 
such  illustrations. 

5.  To  secure  proper  representation  of  mathematical  work,  authors 
are  particularly  cautioned  to  send  in  carefully  traced  figures  on  separate 
paper. 

6.  The  limits  of  the  appropriation  require  that  all  illustrations  sl^all 
be  in  one  color,  and  either  photographs  or  etchings.  As  a  consequence, 
all  illustrations  must  be  in  black  and  white. 
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Resolution  Providing  for  the  Celebration  of  the 
Twenty-fifth  Anniversary  of  the  Indiana 

Academy  of   Science. 


Rvsolvcdj  That  In  view  of  the  fact  that  the  next  meeting  will  be  the 
Twenty-fifth  Annual  Meeting  of  this  Academy,  a  special  effort  be  made 
at  that  time  to  celel)rate  the  (luarter  cent<»nnlal  of  its  organization. 

That  a  committw  of  seven  be  ai)iK>inted  to  have  charge  of  the  pro- 
gram and  all  necessary  arrangements  for  such  meeting. 

That  the  time  and  place  of  the  next  meeting  be  left  to  said  committee. 

That  an  effort  be  made  to  have  present  all  the  living  ex-presidents 
and  all  of  the  living  charter  meml»ers  of  the  Academy.  Also  that  all  the 
universities,  colleges  and  other  educational  institutions  of  the  State,  all 
scientific  organizations,  including  the  State  Medical  Society,  Indiana  En- 
gineering Society,  Indiana  Section  of  the  American  Chemical  Society. 
State  Science  Teachers'  AsscK'iation,  and  all  individuals  interested  in 
scientific  work  and  the  i)ress  of  the  State  be  cordially  invited  to  co-operate 
to  make  this  a  successful  mec^ting  and  memorable  occasion. 

Adopted  November  28,  1908. 


[8— 2S008] 
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The  Beginning  of  the  Indiana  Academy  of  Science, 


By  Amos  W.  Butijk. 


In  my  early  years  the  lack  of  association  with  persons  who  were  in- 
erested  in  scientific  pusnits  and  of  opi>ortimity  to  refer  to  books  on 
M?ientific  subjects  was  greatly  felt.  I  planned  to  interest  several  persons 
n  establishing  a  local  society  which  would  bring  kindred  spirits  together. 
This  resulted  In  the  organization  of  the  Brookville  Society  of  Natural 
History  in  1881.  That  year,  for  the  first  time,  I  attended  the  meeting  of 
:he  American  Association  for  the  Advancement  of  Science  at  Cincinnati. 
There  I  had  the  pleasure  of  meeting  many  persons  of  whom  I  had  only 
inown  by  reading.  This  was  the  l)eginning  of  many  acquaintances  that 
lave  been  permanent,  helpful  and  inspiring.  In  my  efforts  to  study  local 
latural  history  I  found  it  diflftcult  to  obtain  information  from  students  in 
)ther  i>art8  of  the  State.  In  talking  with  others  I  found  they  had  had  the 
Mime  difficulty.  In  the  winter  of  1883-1884,  the  need  of  a  State  organiza- 
ion  was  strongly  impressed  upon  me.  Correspondence  was  begun  with 
I  number  of  persons  whose  names  were  prominent  in  scientific  work  of 
he  State,  and  the  majority  of  them  favored  such  an  organization.  Among 
:hese  were  Dr.  David  Starr  Jordan,  Dr.  J.  P.  D.  John,  Professors  John 
il.  Coulter,  Stanley  Coulter,  Philip  S.  Baker,  Daniel  Kirkwood,  Richard 
>wen  and  Oliver  P.  Jenkins.  There  were  others  who  discouraged  it. 
rhe  subject  was  fresh  in  mind  at  the  time  of  the  meeting  of  the  American 
Association  for  the  Advancement  of  Science  at  Ann  Arbor  in  1884.  There 
)pportunity  was  given  to  talk  the  subject  over,  and  for  the  first  time  I 
net  Dr.  John  C.  Branner,  who  had  just  been  appointed  professor  of 
geology  at  Indiana  University,  and  he  strongly  urged  the  formation  of 
?uch  a  society.  Finally  it  was  decided  to  call  a  meeting  to  organize  an 
Indiana  Society.  The  Brookville  Society  of  Natural  History,  as  the  most 
active  organization  of  its  kind  in  the  State,  was  asked  to  take  the  initia- 
tive and  call  the  first  meeting.  Accordingly  that  society  appointed  a  com- 
mittee for  that  purpose,  consisting  of  Kev.  David  R.  Moore,  its  president. 
Dr.  S.  P.  Stoddard  and  Amos  W.  Butlor.  The  meeting  was  called  for 
Indianapolis  on  December  29,  18S5.  The  plan  was  to  have  a  series  of 
papers  on  the  status  of  different  branches  of  science  in  Indiana.  The 
meeting  was  held  in  the  Marion  County  court  house.  The  program  in- 
eluded  the  following  papers: 


36 


"Meteorol()gy"    Wm.   H.  Ragan 

"Progress  in  the  Study  of  Mammalogy  in  Indiana'* Ekigar  R.  Quick 

"Sltetch  of  tlie  Worli  Accoraplislied  for  Natural  and  Physieial  Science 

in    Indiana" Richard    Owen 

"Sketch  of  C.  S.  Ratinesciue' D.  S.  Jordan 

"Work  Done  in  Icthyology  in  Indiana" D.  S.  Jordan 

"Work  Done  in  Botany  in  Indiana" John  M.  Coulter 

"Work  Done  in  Physics  in  Indiana" J.  P.  Naylor 

"Work  Done  in  Study  of  the  Lower  Invertebrates" O.  P.  Jenkins 

"Present  Condition  of  the  Study  of  Indiana  Herpetology" O.  P.  Hay 

"The  Study  of  Entomology  in  Indiana" P.  S.  Baker 

"The  Present  Knowledge  of  Indiana  Mhieralogy" Maurice  Thompson 

"Work  Done  for  Geology  in  Indiana" Ryland  T.  Brown 

"Chemistry"   R.  B.  Warder 

"The  Present  Condition  of  Indiana  Conchology" David  R.  Moore 

"Indiana  Statistics" J.  B.  Conner 

"The  Past  and  Present  of  Indiana  Ornithology" Amos  W.  Butler 

"Geography"  J.  T.  Si'ovell 

"Astronomy"   David  Klrkwood 

(Of  these  only  Richard  Owen  and  David  Kirkwt>od  were  absent,  and 
their  papers  w^ere  read  by  others.) 

Dr.  J.  P.  D.  John  was  chosen  president  pro  tern.  There  were  about 
forty  persons  present,  representing  most  of  the  educational  institution!* 
of  the  State,  and  Including  most  of  the  scientific  workers.  Dr.  David 
Starr  Jordan  was  chosen  first  president  and  Amos  W.  Butler  the  first  sec- 
retary. A  constitution  and  by-laws  were  adopted.  Since  that  time  regular 
annual  meetings  have  been  held.  All  but  one,  which  was  held  at  Lafay- 
ette, have  been  held  In  Indiana ik)1  is,  and  until  recently  spring  meetings 
at  different  points  in  the  State.  The  first  one  of  these  was  appropriately 
held  at  Brookville  May  20-22,  188G. 

The  following  persons  are  mentioned  in  minutes  of  December  29,  18®. 

as  being  present  and  taking  part  in  tlie  meeting: 

J.  P.  D.  John,  Greencastle.  J.  P.  Naylor,  Bloomington. 

A.  W^  Butler,  Brookville.  O.  P.  Hay,  Irvlngton. 

O.  P.  Jenkins,  Greencastle.  *P.  S.  Baker,  Greencastle. 

J.  C.  Branner,  Bloomington.  *Maurice    Thompson.    Crawford»- 
S.  P.  Stoddard,  M.D.,  Brookville.  ville. 

♦W.  II.  Ragan,  Greencastle.  J.  B.  Conner,  Indianai^olls. 

E.  R.   Quick.  Brookville.  ♦T.  B.  Reildlng.  New  Castle. 

D.  R.  Moore,  Brookville.  ♦Ryland  T.   Brown.   Indianapolis. 

D.  S.  Jordan,  Bloomington.  *R.  B.  Warder,  Lafayette. 

J.  M.  Coulter,  Crawfordsville.  J.  T.  Scovell,  Terre  Haute. 

*DeeeMed. 
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The  following  persons*  names  appear  on  the  treasurer's  book  for  that 
meeting,  and  they  were  probably  present: 


D.  W.  Dennis,  Richmond. 
♦Joseph   Moore,   Richmond. 
Stanley  Coulter,  Terre  Haute. 

B.  W.  Evermann,  Hloouiingtou. 
S.  E.   Meek,   Bloom Ingt on. 

C.  H.  Eigenmann,  Bloomington. 
♦J.  L.  Campbell,  Crawfordsvillo. 

I).  A.  Owen,  Franklin. 

C.  R.  Dryer,  Fort  Wayne. 

A.  J.  Phlnney,  M.  D.,  Muncie. 


C.  A.  Waldo,  Terre  Haute. 

C.  W.  Hargitt,  Moores  Hill. 
♦W.   P.   Shannon,   Greensburg. 
♦T.    J.    McAvoy,    Indianai)olis. 

L.    D.    Waterman,    M.    D.,    Indi- 
anapolis. 

John  Hurty,  M.  D.,  Indiana|>olis. 

F.  M.  Webster,  Lafayette. 
♦F.   Stein,   Indianapolis. 


*Deo«Med. 

Of  about  forty  i)erson8  in  attendance  upon  the  first  meeting,  twelve 
are  present  at  this  meeting. 
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GREETINGS  FROM  INDIANA  ASSOCIATIONS. 


FROM  THE   INDIANA   STATE   TEACHERS'   ASSOCIATION. 


By  Geo.  W.  Benton. 


Mr.  President  and  Members  of  the  Academy:  In  the  absence  of  Dr. 
RolK»rt  J.  Aley,  State  Superintendent,  and  president-elect  of  the  Indiana 
State  Teachers'  Association,  it  has  devolved  npon  me  and  is  my  great 
privilege  as  retiring  president  to  extend  to  you  tlio  greetings  of  tlie  teacli- 
ers  of  tlie  State,  and  to  congratulate  you  upon  tlie  completion  of  the  series 
of  notable  meetings  culminating  in  this  anniversary. 

It  Is  iieculiarly  fitting  that  we  do  this  in  view  of  the  imi>ortance  of 
each  of  these  s<x*ieties,  and  of  the  part  which  each  has  had,  and  Is  destined 
to  wmtinue  to  i>erform  in  the  life  history  of  the  State  of  Indiana. 

The  State  Teachers'  Association  last  December  passed  its  fifty-fifth 
milestone,  and  in  its  uninterrupted  history  of  fifty-four  years  has  marlced 
the  successive  stages  of  educational  progress  in  the  State,  and  has  had  an 
increasing  influence  in  establishing  standards  and  in  directing  the  current 
of  iHlucational  thought.  Many  of  its  officers  and  members  have  become 
prominent  in  the  educational  work  of  the  State  and  nation,  and  many  of 
tlieni  have  enjoyed  the  privilege  and  honor  of  membership  and  active 
participation  in  the  affairs  of  the  Academy. 

No  less  prominent  in  its  own  sphere,  tlirough  the  years  of  its  activity, 
we  recognize  tlie  importance  of  tlie  great  work  which  the  Academy  has 
done  for  the  State  and  for  the  nation,  in  the  si)reading  of  scientific  knowl- 
edge, in  the  encouragement  of  research,  and  in  the  inspiration  of  the 
younger  generation  of  science  teachers  to  greater  effort  and  increased 
eflicieucy.  We  see  in  the  Academy  the  most  iK)werful  agency  in  tlie  solu- 
tion of  the  great  problem  of  fitting  the  highest  development  of  scientific 
thought  Into  the  general  scheme  of  education  for  all  the  people:  and  we 
confidently  look  forward  to  the  achievements  of  the  coming  years  of  the 
Academy,  believing  that  its  services  to  the  State  and  to  ec}ucation  will  eoi|- 
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tinue  to  receive  that  recognition  which  It  has  so  richly  deserved  in  the 
past,  and  which  we  now  so  Inadequately  express. 

The  teachers  of  Indiana  would  consider  me  lacking  in  truth  and 
courtesy,  I  am  sure,  should  I  fail  to  give  expression  to  the  deep  pleasure 
and  pride  which  we  feel  in  the  great  history  of  the  Academy,  and  in  the 
exceptional  capacity  for  usefulness  with  which  it  is  so  richly  and  gener- 
ously endowed. 

We  greet  you,  and  we  bid  you  Godspee<l ! 


FKOM  THE   INDIANA   MEDICAL   ASSOCIATION. 


By  Dr.  S.  E.  Earp. 


Mr.  Chairman :  It  surely  is  a  pleasure  as  well  as  an  honor  to  Ik*  dicwen 
to  appear  before  you  for  the  Indiana  Medical  Association.  I  am  the  cus- 
todian of  the  good- will  and  hearty  congratulations  of  the  Indiana  State 
Medical  Association,  but  it  is  not  the  casket  that  assumes  any  Importance; 
it  is  the  jewel  I  bring  you.  Now,  when  we  extend  our  greetings  we  desire 
that  they  shall  have  a  cultured  application  and  not  a  provincial  one.  Per- 
haps an  explanation  is  in  order. 

One  of  your  splendid  members,  l»rof.  Stanley  Coulter,  recently  deliv- 
ered an  address  before  The  Young  Physicians'  Club,  of  which  I  am  a  m«n- 
ber — ^and  I  am  a  member  by  virtue  of  the  fact  that  all  physicians  are 
young,  but  some  are  younger  than  others — and  Prof.  Coulter  In  his  ad- 
dress said  that  culture  is  an  instinctive  appreciation  of  the  very  best,  and 
that  provincialism  Is  narraivness,  the  antithesis  of  culture.  And  that 
whenever  he  had  come  in  contact  with  a  provincial Ist  he  had  two  Im- 
pulses, first  to  laugh  at  him,  and  second  to  kill  him.  He  had  done  the 
first,  but  so  far  he  had  been  able  to  control  himself  and  not  do  the  second. 

So  we  appreciate  that  everything  concerning  you  Is  the  very  best,  and 
that  it  is  the  very  best  who  can  appreciate  the  best  in  you. 

The  Indiana  State  Medical  Association  has  passed  its  golden  anni- 
versary by  ten  years.  It  has  2,090  members  in  good  standing,  and  jet 
there  are  not  more  than  twenty-five  who  are  meml)ers  of  this  splendid  body 
of  yours.    There  ought  to  be  njore.    There  are  njen  wljo  ar^  authorJti^  to 
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?ir  line  who  should  through  this  channel  help  themselves,  help  the  asso- 
ition,  help  you  and  help  the  public  by  contributing  what  they  possess, 
e  must  learn  that,  taking  all  the  departments  of  science,  *'in  union  there 
strength." 
Another  important  factor  is  this:     For  a  time  in  scientific  medicine, 

account  of  the  number  of  medical  institutions  in  this  State,  the  in- 
rests  were  varie<l ;  but  during  the  past  year,  for  the  first  time  in  forty 
ars,  there  has  tuit  only  been  an  amalgamation  of  scientific  medical  in- 
rests,  but  there  is  complete  unity.  And  now  with  the  medical  college  we 
ve  here  that  is  under  the  control  of  one  of  your  best  ITniversities,  Indi- 
a  University,  with  Its  opportunities  and  facilities,  we  take  it  you  will 
on  hear  us  rapping  at  your  door,  and  we  trust  that  the  latch-string  will 

out. 
We  fully  appreciate,  as  we  congratulate  you  and  bring  our  greetings, 
I  that  you  have  done  and  are  doing  for  scientific  nuHlicine,  and  that  it 
valuable  lK?yond  price.     Again  I  say,  as  I  bring  you  our  greetings,  that 
»  congratulate  you  most  heartily. 


FUOM  THE   INDIANA   HISTORICAL   SOCIETY. 


Hv  J.  P.  Dunn. 


1  have  been  delegated  by  the  Indiana  Historical  Society  to  extend  its 
eetings  to  the  Academy  of  Science.  This  Is  tlierefore  an  historic  greet- 
?;  just  what  a  scientific  gi*eeting  should  l>e,  I  am  not  quite  certain.  In 
e  good  old  days  that  Dr.  ('oulter  told  about,  I  should  think  the  proi)er 
Ing  was,  "Have  something  with  me,"  but  in  the  course  of  the  great 
ogress  that  has  been  made  in  the  last  twenty  years  in  the  Pure  FockI 
f»partment,  I  do  not  know  whether  that  would  be  safe.  I  judge  that 
ientific  people  believe  all  the  awful  revelations  that  have  Ik^u  made, 
id  that  they  are  all  on  the  water-wagcai  now. 

There  is  one  thing  in  which  I  think  this  society  and  the  other  learned 
jcleties  of  the  State  should  be  at  a  unit.  We  have  a  centennial  in  lOKJ. 
here  has  been  some  talk  of  having  an  exiK)sltlon,  but  everybmly  knows 
hat  the  recent  expositions  have  been  failures,  and  it  would  l)e  a  failure 
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in  Indiana.  But  it  has  been  snggeste<l  that  instead  of  tliis  we  erect  a 
permanent  memorial  building  devoted  primarily  to  the  preservation  of 
the  history  of  Indiana.  This  is  being  done  now  through  the  State  librarian 
and  the  State  museum,  but  we  have  not  room  enough.  Mr.  Blatchley  has 
not  room  enough  to  do  his  work,  and  I  understand  valuable  gifts  have  had 
to  be  refused  on  account  of  lack  of  room  in  that  museum.  There  is  also 
scientific  work  being  handled  in  the  State  House  by  Dr.  Hurty  and  Dr. 
Barnard,  and  we  really  neeil  a  building  of  this  sort.  These  things  ought 
to  have  ample  quarters.  I  would  like  to  see  that  centennial  of  191G  cele- 
brated by  an  ample  building  in  which  a  nmseum  and  library  could  be 
housed,  in  which  there  would  be  room  for  laboratories  and  other  work  of 
the  State,  room  for  the  Academy  of  Science,  room  for  the  Historical  So- 
ciety and  all  these  other  bodies. 

1  trust  you  will  take  that  matter  into  consideration  as  you  go  out 
from  bore.  Keep  it  in  mind,  and  when  you  talk  to  your  Representatives 
and  Senators  and  i>eople  who  have  inrtuence  in  the  Legislature,  lay  it 
before  tliem,  and  thus  help  in  a  work  which  I  believe  is  of  very  great  im- 
I)ortance  to  the  State  of  Indiana,  botli  scientiflcjilly  and  historically.  (Ap- 
plause.) 


FROM  THE  INDIANA  BRANCH  OF  THE  AMERICAN  CHEMICAL 

SOCIETY. 


By  Prof.  R.  B.  Moork. 


Mr.  President:  As  representative  of  the  Indiana  branch  of  the  Amer- 
ican Chemical  Society  I  extend  congratulations  to  the  Academy  upon  its 
twenty-fifth  anniversary.  It  is  needless  to  argue  the  use  of  such  a  society 
in  the  State.  It  does  a  work  which  none  of  the  national  societies  can  do, 
and  it  is  needless  also  to  state  that  this  work  has  l)een  done  well.  Con- 
gratulations are  esptH-ially  in  ord«»r,  to  tliose  men  who  founde<l  the  Academy 
and  have  borne  the  burden  of  the  work  since  tliat  time. 

I  am  also  glad  to  see  that  the  social  life  of  the  society  is  receiving 
sufficient  attention  at  this  meeting.  We  have  little  opportunity  to  get  to- 
gether during  the  yenr;  it  is  r.ll  the  more  important  therefore  that  the 
social  side  of  our  mcH'ting  should  l>e  (»mphasized. 

The  Indiana  branch  of  tlie  American  Chemical  Society  extends  to  you 
congratulations  and  greetings.     (Applause.) 
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FROM  THE   STATE   PHYSICS  TEACHEKS'   ASSOCIATION. 


By  Prof.  J.  P.  Naylor. 


Mr.  President  and  Members  of  the  Academy :  I  stand  in  the  rather 
unfortunate  position  of  belonging  to  the  Committee  of  Arrangements  for 
this  meeting,  and  also  representing  one  of  the  other  societies.  But  I  assure 
you  that  I  did  not  make  the  assignment.  The  fact  is  I  was  simply  held 
resi>on8ible  for  the  presentation  of  the  greetings  of  the  State  Physics 
Teachers*  Association  and  tried  to  get  a  good  man  who  could  present  the 
greeting  in  better  words  than  I,  although  not  in  better  spirit,  I  am  sure. 

As  I  look  around  over  the  faces  of  those  present  I  see  many  members 
of  the  Physics  Teachers'  ^Vssociatlon  who  are  also  members  of  the  Acad- 
emy, and  it  may  occur  to  someone  to  ask  why  the  Physics  Teachers'  Asso- 
ciation should  exist  at  all.  The  work  in  any  science  is  many  sided,  and 
there  are  some  things  that  can  be  done  in  the  Indiana  Academy  and  some 
things  that  can  not  be  done.  We,  the  physics  teachers  of  the  State,  need 
to  get  together  and  compare  notes.  We  want  to  know  what  the  other  man 
is  doing  and  how  he  does  it.  This  sort  of  work  can  not  well  be  done  by 
the  Academy,  for  its  province  is  rather  along  the  line  of  investigation,  and 
iKwides  its  program  is  always  crowded;  therefore  the  State  Physics 
Teachers*  Association. 

Our  association  is,  however,  a  sort  of  offspring  of  the  Academy,  and 
we  look  to  it  as  the  mother  society.  And  as  good  children  we  come  back 
at  this  time  with  our  congratulations  and  hearty  greetings,  and  hope  for 
the  Academy  that  the  next  two  and  a  half  decades  may  be  even  better  than 
the  past  has  l)een.  We  do  not  come  like  the  Orientals,  wishing  that  her 
shadow  may  never  grow  less  bnt  that  her  bright  light  may  be  ever  en- 
larged, and  that  she  may  go  on  to  larger  accomplishments  in  the  future. 
I  bring  you  greetings.     (Applause.) 


44 


FKOM    INDIANA   SOC^IETY   OF   ENGINEEKS. 


By'  Chas.  Brossmann. 


Mr.  President  and  Gentlemen:  I  feel  that  is  is  an  honor  to  address 
your  meeting,  and  am  glad  to  speak  a  few  words  of  greeting  on  behalf  of 
the  Indiana  Engineering  Society. 

On  your  program  I  notice  the  names  of  more  than  one  engineer  and 
subjects  relating  to  engineering  work.  I  feel  that  the  scientist  and 
engineer  need  no  introduction,  for  they  have  ever  worked  either  together 
or  in  sequence  for  the  betterment  of  man  and  civilization. 

On  the  vital  questions  relating  to  the  physical  development  of  our 
vast  Industrial  system  the  scientist  has  made  the  work  of  the  engineer 
possible. 

The  first  step  belongs  to  your  work.  You  took  the  initiative  and  ad- 
vanced radical  though  perhaps  uuappreciattKl  theories,  labored  for  yenns 
to  prove  them,  and  had  to  work  and  keep  the  courage  of  your  con  villous 
to  establish  your  i)oint  beyond  question. 

Your  reward  has  not  usually  come  from  a  grateful  public,  but  you 
have  the  reward  of  a  greater  knowledge. 

I  wish  to  mention  one  or  two  papers  on  your  program,  one  "A  List  of 
AlgiP."  A  list  of  algje  means  nothing  to  a  community,  but  when  an  entire 
water  system  becomes  clogged  with  Crenothrix,  they  cry  for  the  scientist 
to  find  the  remedy. 

The  subject,  "The  Problem  of  Sewage  Disposjil/*  does  not  api)eal  tt»  a 
city  until  the  stench  is  apparent,  then  succor  from  scientist  and  engineer 
is  nee<Ied. 

Most  of  the  pai>ers  to  lx»  read,  touch  upon  the  betterment  of  the  Iiomau 
race,  the  conservation  of  its  health,  and  the  country's  resources. 

TiKlay  Dr.  Von  Lendenfeld  investigates  the  organs  of  tlight  of  the  best 
flyers  of  the  insect  orders,  I^^pidoptera.  Ilymenoptera  and  Diptera.  The 
public  hears  and  smiles. 

Tomorrow  the  Wrights  fly  for  hours  in  the  upi)er  air.  The  public  sees 
and  gsisps  in  wonder  and  amazement. 

And  so  the  scientist  iietMls  be  tlie  silent  man.  Carlyle  saj's:  'Tbe 
noble   silent   men — scattennl    here   and   there — each   in   his  department— 
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silently  thiukiug — silently  working,  whom  no  morning  newsi>ai)er  makes 
mention  of — they  are  the  salt  of  the  earth.  A  country  that  has  none,  or 
few  of  them,  is  in  a  bad  way." 

I  am  glad  we  have  many  in  this  country,  and  that  this  State  is  so 
well  represented  in  the  "silent  men" — although  perhaps  they  will  not  be 
so  silent  in  the  ensuing  two  days. 

Gentlemen.  I  am  pleased  and  honored  in  extending  to  you  the  greeting 
and  good  wishes  of  a  brother  scxjiety  which  appreciates  its  debt  to  science. 
The  Indiana  Society  of  Engineers  greets  you  and  wishes  you  a  successful 
meeting. 


FUOM    THE    INDIANA    ASSOCIATION    OF    SCIENCE    AND    MATHE- 

MATICS  TEACHERS. 


By  W.  W.  Hart. 


Mr.  Chairman:  As  I  have  sat  here  listening  to  the  expressions  of 
greeting  on  this  occasion,  I  had  the  great  pleasure  of  hearing  the  other 
gentlemen  say  the  things  I  expected  to  say. 

I  feel  that  it  is  especially  proi)er  that  our  society  should  join  with 
the  other  organizations  today  in  expressing  their  interest  in  your  Academy. 
In  some  respects,  while  not  a  child  of  tlie  Academy,  as  is  the  Physics 
Teachers'  Association,  yet  we  might  call  ourselves  a  younger  brother. 
Our  interests  are  somewhat  similar.  We  are  interested  in  the  sciences 
and  mathematics,  and  I  think  that  on  that  account  we  can  appreciate 
better  than  others,  possibly,  the  feeling  of  need  which  led  to  the  organi- 
Ziitlon  of  the  Indiana  Academy  of  Science  twenty-five  years  ago.  We  are 
all  of  us  working  in  a  field  in  which  we  must  look  for  sympathy,  for  en- 
couragement, for  inspiration,  not  to  the  public  at  large,  because  they  fre- 
4iuently  misunderstand  us,  but  to  our  colleagues  and  fellow- workers. 
That,  as  I  understand  it,  was  one  of  the  reasons  for  the  organization  of 
this  society. 

Also  many  of  our  number  arc  directly  indebted  to  some  of  you  for 
the  instruction  and  inspiration  that  led  them  to  take  up  their  life  work. 
And  we  are  all  Indebted  to  you  for  the  standing  you  have  given  to  sclen- 
)tiflc  pursuits  in  the  country  at  large. 
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So  I  bring  to  you  today  liie  most  Tiearty  congratulations  upon  yoor 
past  history,  and  upon  tlie  glorious  achievements  of  some  of  your  num- 
ber, and  say  that  we  wisli  you  abundant  success  for  the  future.  (Ap- 
plause.) 


FROM  THE  INDIANA  AUDUBON  SOCIETY. 


By  William  Watson  W^oollen. 


Mr.  President.  Ladies  and  Gentlemen:  The  first  Audubon  Society 
was  organlzo<l  in  New  York  in  1886.  Its  purpose  was  "the  protection  of 
American  birds,  not  used  for  food,  from  destruction  for  mercantile  pur- 
poses.'* In  18S9  it  seemed  to  have  accomplished  the  purpose  for  which  it 
was  organized  and  the  movement  died  out. 

A  subsecpient  revival  of  the  demand  for  birds  for  millinery  purpoeee 
led  to  a  re-awakening  of  sentiment  on  the  subject,  and  in  January,  1896. 
a  State  Audubon  Society  was  organized  in  Massachusetts  and  in  October 
of  the  same  year  one  was  organized  in  Pennsylvania.  Such  societies  now 
exist  in  all  of  the  states,  except  perhaps  a  half  dozen,  the  object  of  their 
organization  being  the  preservation  of  our  birds  which  were  fast  being 
exterminated.  It  was  thought  that  the  people  must  be  educated  as  to  the 
worth  of  our  birds,  and  these  societies  entered  upon  that  work. 

In  April,  1898,  principally  through  the  instrumentality  of  the  Indiana 
Academy  of  Science,  the  Indiana  Audubon  Society  was  organized.  I  have 
in  my  office  the  minutes  of  that  meeting,  at  which  I  was  present  In 
looking  over  the  minutes  of  that  meeting  I  find  the  society  was  mainly 
constituted  of  members  of  this  Association. 

The  work  which  has  been  accomplishetl  by  the  Audubon  Societies  of 
the  country  has  been  immense.  I  am  not  sure  that  I  know  of  any  other 
organization  which,  with  as  little  money,  has  accomplished  so  much  good. 
Its  work  for  good  has  l>eon  of  such  a  character  as  to  attract  the  atten- 
tion of  the  people  of  the  country  and  especially  the  Department  of  Agri- 
culture at  Washington.  The  annual  reports  of  that  department  have 
taken  account  of  these  so<?ioties  and  commended  them  for  the  work  which 
they  have  accomplished.     You  all  must  be  aware  of  the  legislation  that 
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has  been  brought  about  through  the  Influence  of  these  societies,  and  es- 
pecially the  Lacey  act  passed  by  Congress  for  the  protection  and  preser- 
vation of  our  birds. 

I  am  glad  to  say  that  there  is  not  a  State  in  the  Union  which  does 
not  liave  its  laws  for  the  protection  of  our  birds.  In  this  State  we  have 
not  lagged.  We  have  placed  uj)on  our  statute  boolcs  the  ideal  law  for 
that  i)urpose,  originally  suggested  by  the  American  Ornithological 
Association. 

Now,  ladies  and  gentlemen,  allow  uie  to  suggest  in  conclusion,  that 
tlie  membership  roll  of  our  Audubon  Society  contains  but  few  names  of 
the  members  of  this  association.  We  have  a  membership  of  about  one 
hundred  and  fifty.  Our  first  annual  meetings  under  tlie  provision  of  the 
constitution  were  held  at  Indianai>olis.  We  learned,  to  our  regret,  how- 
ever, that  in  this  great  and  beautiful  city  there  were  very  few  jieople 
who  were  Interested  in  this  work.  We  changed  our  constitution.  Since 
then  we  have  gone  to  Franklin,  Richmond.  Shelbyville,  Fort  Wayne,  and 
New  C^astle,  where  we  have  been  riK*eived  most  cordially,  and  we  hope  we 
have  done  good. 

Now,  we  bring  our  greetings  to  you,  with  the  hope  for  future  success, 
and  that  you  will  renew  your  love  for  this,  one  of  yom*  offspring.  I  have 
looked  over  the  program  arranged  for  this  the  twenty-fifth  annual  meet- 
ing of  the  Academy  with  its  sixty-nine  numbers  and  the  additional  num- 
l>ers  which  Mr.  Butler  has  read,  and  I  find  there  are  but  two  num- 
bers which  have  any  reference  to  our  birds.  These  are  No.  45,  "The 
Mocking  Bird  in  Indiana,"  and  No.  47,  '^Observations  in  Woodpeckers." 
Now,  ladies  and  gentlemen,  to  my  way  of  thinking,  this  is  not  as  it  should 
be.  I  believe  these  other  things  which  you  have  been  writing  and  talking 
about  are  important,  but  of  all  of  them  the  one  particular  thing  which  is 
of  the  greatest  interest  and  value  is  the  preservaticm  of  our  birds.  With- 
out them  you  will  have  no  occasion  to  talk  about  botany  or  any  of  the 
other  things  about  wliich  j'ou  have  been  writing  and  talking.  It  is  the 
birds  of  our  country  to  which  we  must  look  for  its  salvation.  I  thank  you 
for  the  opportunity  to  say  a  word  for  them. 
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PLANS  FOR  THE  INDIANA  ACADEMY  OF  SCIENCE. 


JoHJN  S.  Wright:  Mr.  Chairman,  the  committee  made  arrangements 
for  Heveral  i>ers4)n8  to  speak  of  the  plans  for  the  Academy,  with  referem-e 
to  future  exi)an8lon  and  developuK?nt.  Now,  most  of  the  points  that  I 
had  in  mind  have  l>een  covered  very  adequately  by  the  speeches  whieb 
have  been  made  at  different  times  during  the  meetings,  particularly  last 
night  by  Dr.  John  M.  Coulter  with  reference  to  the  social  side  of  the  Acad- 
emy, making  the  members  better  acquainted  with  each  other.  1  feel  sure 
that  ttie  pr(»grani  committee  will  endeavor  in  planning  the  next  meeting  tu 
emphasize  tlie  s<Mial  asixnt  more  and  more.  Possibly  a  smoker  will  serve 
very  well  to  tills  end.  I  do  not  suppose  we  would  attempt  a  banquet  of 
as  large  proportions  as  tlie  one  we  had  last  night,  as  that  would  entail 
too  much  effort. 

I  believe  the  Academy  will  do  well  to  enlist  the  interest  of  men  who 
are  in  industrial  lines.  There  are  within  this  Stjite  at  the  present  time 
a  great  many  men  who  are  in  industrial  lines.  Mr.  HroKsmann,  who  re|>- 
resents  tli<^  Kngineerinu:  Society,  referrtnl  particularly  yesterday  morn- 
ing to  the  interest  that  engineers  and  chemists  have  in  scientific  work, 
and  that  their  work  rests  upon  developments  along  the  lines  of  science. 
Th<»He  men  in  industrial  lines  may  properly  \\e  enlistetl  In  the  A<»adeniy 
interests,  and  I  am  certain  we  can  thus  enlarge  the  number  of  those  en- 
gaging in  the  work  of  the  Aiiulemy. 

I  lu^Iicve  that  is  all  I  care  to  say.  because  other  features  of  tiie  Acad- 
emy work  will  Ik?  nientionwl  by  those  who  follow. 


I>R.  Stanlkv  Coultkr:    Mr.  Chairman.  I  think  we  are  a  unit  uinm  the 
matter  of  the  develoianent  of  the  social  side  of  the  Academy.     It  has  oc- 
(MirrtHl  to  me  that  one  way  in  which  that  might  be  brought  about  would 
1h»  to  have  tin*  Kxc<ntive  Conunittec  constitute  itself  a  committee  of  Intro- 
duction at   each  session,  and  make  it  a   regular  part  of  the  program  to 
introduce  Wn"  new   members   to   the  older  ones.     I   have   frequently  told 
young  men  that  th<»  only  way  for  them  to  broaden  out  was  by  coming  In 
(HUitact  with   these  older  memliers,  and  they  have  c<mie  to  the  Academy 
meetings,  staytsl  a  day  ov  tw<»  and  have  gon(»  home  without  meeting  « 
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single  one  of  them.  We  should  certainly  have  some  committee  th.-U  woniil 
see  that  the  young  members  are  properly  introduced  to  those  with  longer 
years  of  service  in  the  State. 

Another  matter  which  sliould  be  taken  up  by  the  Academy  and  the 
Executive  Committee  is  the  length  of  time  taken  to  print  our  reports.  A 
man  who  is  doing  a  bit  of  scientific  work  which  is  worth  publishing,  tlie 
preparation  of  which  involves  much  time  and  labor,  must  wait  eleven 
months  for  its  appearance  if  he  presents  it  to  the  Academy.  A  pai^er 
that  may  l^e  of  value  at  the  time  of  its  presentation,  may  not  be  worth 
nearly  so  much  after  a  year  has  elapsed.  You  can  not  be  sure  tliat  the 
thing  you  say  today  is  the  thing  you  would  say  in  the  same  form  a  year 
from  now.  I  think  the  Executive  Conunitree  should  take  this  matter  up 
in  some  definite  way,  and  see  that  the  pnxeetlings  are  rea<iy  for  distri- 
bution iu  less  than  a  year  from  the  date  of  mi^eting. 

Another  thing,  it  seems  to  me,  that  we  need  is  that  our  programs 
should  not  be  made  up  as  they  are  now,  in  a  comparatively  haphazard 
fashion.  In  the  past  we  had  some  pr«)grams  that  were  really  capital,  and 
those  who  had  these  programs  in  charge  would  begin,  say,  In  March  or 
Ai>ril  to  send  the  various  meml)ers  letters,  suggesting  that  it  would  l^e  a 
g<MHl  time  to  arrange  in  their  minds  the  subject  thej'  would  present  to  the 
Academy,  and  thus,  long  before  the  Academy  meeting  the  Executive  Com- 
mittee had  in  liand  a  well  organlze<I  program. 

In  Cfmclusion,  I  suggest:  a  recognition  of  the  social  side,  an  im- 
provement in  the  methods  of  getting  out  our  reports,  so  that  they  may 
be  received  very  much  more  promptly  than  heretofore,  and  a  return  to 
the  old  method  of  having  the  Executive  Connnittee,  nnide  up  of  the  Presi- 
dent, Secretary  and  Program  Committee,  feel  that  a  large  part  of  their 
work  nnist  be  done  before  sunnner  vaciition  if  the  meeting  is  to  be  a  suc- 
cess. The  recpiest  for  my  sui>je<*t,  under  the  i)resent  practice,  always 
comes  at  a  time  when  I  am  busier  than  at  any  other  time  of  the  year.  As 
a  consequence  I  send  in  some  title  that  sounds  well,  and  does  not  take 
much  preparation,  and  trust  in  the  main  to  the  inspiration  of  tlie  moment. 

I  am  thoroughly  in  accord  with  Mr.  Wright's  suggestion  that  this  or- 
ganization is  losing  a  very  great  element  of  strength  in  not  having  as.so- 
eiated  with  it  more  closely  the  industrial  scientists  of  the  State.  (Aj)- 
plaus(\) 
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Db.  H.  E.  Barnard  (Indianapolis)  :  Mr.  President  and  MemberSf  I 
cannot  but  feel  that  It  is  presumption  for  me,  whose  name  was  enrolled 
in  the  Aeadt»niy  but  yesterday,  to  attempt  to  give  advice  to  yon  who  were 
at  Brookville,  and  who  have  guided  the  Academy  from  its  infancy  through 
youth  to  manhood.  But  if  there  is  a  word  I  can  say  this  morning  it  is 
to  the  older  members,  whom  I  would  urge  to  give  of  their  wisdom  and 
advice  to  these  young  men,  not  only  in  lectures,  but  in  heart-to-heart 
talks  and  fraternity  with  them.  1  wish  to  expres.s  my  thanks  to  Dr.  Coul- 
ter for  his  admirable  toast  last  evening.  More  fraternity  and  fewer 
scientific  papers  I  believe  will  be  the  key-note  of  the  future  of  the  society. 
Some  of  the  pai^ers  stand  a  i)o<>r  chance  of  l)eing  appreciated,  because 
they  are  not  understood ;  but  we  all  want  to  know  the  men  who  write  the 
l)ai)ers,  not  for  the  papers,  Init  for  themselves.  One  may  gain  quite  as 
much  inspiration  in  ihe  company  of  the  worker  in  other  fields  as  in  asso- 
ciation with  his  fellows,  not  In  their  pai>ers,  but  in  the  social  hour. 

So  I  would  urge  more  and  more  this  fraternity  am<»ng  the  members, 
esr»ecially  at  the  spring  meetings.  That  first  gathering  at  the  swimmiuf? 
lK)ol  has  taken  hold  of  me;  it  gives  us  a  glimpse  of  an  esprit  de  corps 
that  will  carry  the  Acadt»my  far,  and  make  an  Academy  that  we  will  be 
as  proud  of  twenty-five  years  hence  as  we  are  today.     (Applause.) 


I*REsii)ENT  W.  E.  Stone:     Mr.  Chairman  and  Members  of  the  Academy. 
I)erhaps  what  I  have  to  suggest  will  not  permit  of  practical  ai^iilication, 
and  yet  as  I  have  bet»n  in  attendance  uix)n  this  meeeting  I  am  impressed 
with  this  thought  about  the  Academy.     It  has  become  in  a  sense  a  child 
of  the  State;    it  owes  something  to  the  State  as  an  organization.    It  rep- 
resents a  body  of  men  who  certainly  have  a  great  deal  of  influence  In 
shaping  the  future  of  the  State.    Now,  it  occurs  to  me  that  the  particular 
thing  which  this  Academy  can  do  is  in  the  diriH-ticm  of  shaping  public  ap- 
preciation of  scientific  metluuls  and  scientific  spirit.     You  can  not  formu- 
late that  policy  for  Immediate  action,  but  I  submit  to  you  if  it  would  not 
be  a  very  valuable  thing  if  the  public  at  large,  the  press,  business  m«i  and 
public  oflicials,  had  a  better  conception  of  what  scientific  methods  and  the 
scientific  spirit  statid  for.     How  much  we  should  be  spared  In  the  prMi 
of  the  sensational    talk   of  scientific  attainment;    how   much   we  shouM 
economize   in  the  administration   of  the   affairs  of  city  and  state;  how 
nmch  more  it  would  mean  to  the  private  aflTairs  of  our  citizens  If  there 
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as  a  conception  of  the  idea  that  knowledge  Is  to  be  gained  on  all  of 
le  common  affairs  of  life  which  put  into  practice  would  result  in  effl- 
ency  and  in  economy. 

Now,  that  is  a  matter  of  slow  growth — ^i»uhlic  education.  We  are 
riving  to  bring  people  to  a  conception  of  that  idea  in  all  of  our  schools 
id  colleges,  and  here  is  a  public  body  which  sliould  be  recognized  as 
iving  influence  and  standing  and  weight  In  this  State.  What  better 
rrvice  could  it  render  in  the  course  of  a  quarter  century  than  to  have 
'omulgated  steadily  that  notion  of  ai)preciati()n  of  scientific  methods  and 
ientific  spirit?  It  Is  worth  more  than  papers.  It  is  the  ultimate  ob- 
<?t  of  this  Academy.  It  is  the  highest  service  it  can  render  the  State 
J  a  matter  of  public  welfare  and  public  education. 

Now,  that  is  very  intangible,  I  realize,  but  I  think  it  is  an  end  worth 
linking  about.     (Applause.) 


Db.  C.  L.  Mees:     It  appears  to  me  that  the  remarks  I  had  prepared 

ion  being  notified  to  speak  have  been  stolen  by  those  who  have  pre- 

ided  me.    It  Is  an  old  Chinese  saying  that  it  is  dangerous  to  stoop  down 

ren  to  fasten  your  shoe  strings  In  your  neighbor's  melon  patch.    So  there 

very  little  left  for  me  to  say. 

I  certainly  am  thoroughly  in  accord  with  all  that  has  been  said  this 
oming,  and  by  Dr.  Coulter  last  evening,  but  there  are  one  or  two  prac- 
cal  things  which  come  to  my  mind  now.  Dr.  Coulter  referred  to  the  fact 
lat  we  are  in  danger  of  dissipation.  Owing  to  the  fact  that  the  number 
'  scientific  workers  in  special  lines  In  Indiana  has  increased  very  greatly 
I  the  last  two  years,  papers  presented  to  the  Academy  have  become  more 
id  more  technical  in  narrow^  specialties  and  the  numt)er  capable  of  discus- 
ng  them  or  even  following  them  as  presented  was  necessarily  small  and  in- 
Test  correspondingly  flagged.  This  condition  UhI  to  the  formation  of  half 
dozen  or  more  of  scientific  societies  made  up  of  men  especially  interested 
ong  narrow  lines  of  scientific  research,  commanding  the  interest  and  at- 
•ndance  of  those  having  common  interest  and  drawing  their  attention 
id  membership  from  the  Academy.  Now  the  question  is  whether  the 
cademy  cannot  devise  some  plan  by  which  the  work  of  these  various 
Krieties  could  be  co-ordinated  and  perhaps  their  meetings  l)e  arranged 
>  occur  about  the  same  time  as  the  Academy  moetitig.  If  the  program 
F  the  Academy  meeting  could  be  somewhat  shortened  and  the  papers  be 
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made  of  more  general  interest,  they  would  serve  the  pun>ose,  as  Dr.  Stone 
has  just  intimateii,  of  develojiing  the  scientific  spirit,  ^and  then  let  tlie 
different  societies  meet  and  discuss  the  techivlcal  papers  they  may  have 
to  offer.  I  merely  offer  tliis  as  a  suggestion,  and  do  not  know  whether  it 
would  be  practical. 

There  is  another  suggestion  which  possibly  might  be  worked  out.  Hie 
American  Inslitute  of  Ele<-trical  Engineers  has  tried  a  somewhat  simflar 
plan,  that  Is.  to  have  scholars  from  the  various  colleges  where  more  or 
less  graduate  work  is  being  done,  attend  meetings,  and  thus  give  them  an 
enthusiasm  which  contact  alone  will  bring,  and  publish  their  papers,  if 
worthy,  and  interest  them  in  the  work  of  the  Academy  later  on. 

These  are  some  of  the  practical  i)oints  that  come  to  my  mind  in  con- 
nection with  the  future  plans  of  this  Academy.  I  believe  the  danger  is 
now  that,  unless  the  character  of  the  activity  of  the  society  is  somewhat 
changed,  we  will  become  a  sort  of  body  which  exists  upon  paper  and 
in  lists  of  membership,  rather  than  in  active  work. 


Mb.  W.  a.  Cogsiiall  (Bloomington)  :  I  have  been  very  much  inter- 
ested in  the  statements  during  the  last  two  days  of  the  early  work  of  the 
Academy — its  early  organization  and  meml>ership,  and  in  the  large  num- 
ber of  suggestions  that  have  been  made  for  the  future  of  the  Academy.  I 
think  most  of  these  are  goo4i.  It  only  renuiins  to  adopt  some  definite 
plans  by  which  tliese  suggestions  can  be  put  into  something  tangible.  I 
do  not  know  whether  such  plans  can  be  worked  out  in  the  immediate 
future  or  not. 

It  seems  to  me  the  aim  of  this  Aca<lemy  is  first  to  encourage  scientiflc 
work  among  a  gooii  many  who  without  tlie  Academy  would  not  do  any 
such  work.  It  docs  that  to  a  certain  extent.  We  have  every  year  a  Ion? 
list  of  pai)ers  from  men  who  do  not  belong  to  other  scientific  societies,  and 
it  is  a  good  thing  for  them  and  a  good  thing  for  the  State  at  large  tbat 
tlicse  papers  should  be  prepared  and  i»rinted. 

The  other  aim  of  the  Academy,  and  wliich  I  believe  to  be  the  main 
one,  is  the  bringing  together  of  the  scientific  men  of  the  State — ^not  neces- 
sarily to  hear  the  papers,  as  was  very  well  said  last  night.  I  do  not  know 
that  I  should  put  the  pai>ers  in  (pilte  so  insignificant  a  place  as  was  Indl* 
cated,  but  we  could  well  have  the  program  the  real  excuse  for  meeting 
and  make  that  the  franie-work  of  the  whole  thing.     But  I  thinly  a  gwd 
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deal  of  the  scientific  benefit  is  lost  or  perhaps  not  realized,  by  having  such 
a  larj?e  number  of  papers  of  such  short  duration.  To  my  mind  it  takies 
a  man  who  is  a  good  deal  better  than  the  average  to  prepare  a  paper 
of  five  or  ten  minutes  in  length,  that  has  anything  in  it,  and  if  that  is 
all  there  is  to  the  paper,  I  do  not  know  that  it  is  really  worth  while  to 
read  It.  I  believe  the  whole  work  of  the  Academy  could  be  much  better 
carried  on  if  we  did  not  tr>'  to  (Towd  sixty  or  seventy  papers  into  one 
short  meeting. 

With  the  great  nural)er  of  things  that  have  come  into  life  since  this 
Academy  was  organized,  it  is  not  possible  for  us  to  give  two  or  three  days 
continuously  to  a  meeting  of  this  kind  very  often,  and  so  we  could  not 
liave  sixty  or  seventy  pa|)ers.  But  If  we  could  have  papers  that  are  long 
enough  to  be  beneficial,  and  put  them  hitt>  a  shorter  sjmce  of  time,  we 
cinild  then  devote  more  time  to  the  social  element  of  the  meeting.  I  do 
not  believe  we  get  much  social  l^enefit  from  the  meeting,  as  it  only  hapi)ens 
once  a  year.  We  ctjme  up  here  and  meet  a  few  men  and  go  back  home,  and 
in  the  course  of  a  few  months  we  have  forgotten  who  these  men  were  and 
where  they  came  from  and  what  sort  of  work  they  are  particularly  in- 
terested In.  I  believe  we  should  have  meetinj^s  which  would  not  be  too 
scientific  very  much  oftener  than  once  a  yejir,  whicli  would  serve  to  bring 
the  members  of  this  Academy  into  closer  toudi  with  each  other. 

I  would  suggest  that  we  have,  if  possible,  some  sort  of  Academy  head- 
quarters here  In  Indianaimlis,  and  that  once  a  month  or  once  in  two 
months,  or  once  a  quarter,  as  may  seem  advisable,  notices  be  sent  out  to 
the  nK*mbers  that  there  will  Ik*  a  meeting.  Have  not  over  one  or  two  pa- 
lmers, that  could  be  presente<l  after  a  little  dinner  or  lunch.  I  think  this 
would  be  well  worth  while. 

I  was  very  much  interested  yesterday  in  the  statements  of  the  Libra- 
rian of  the  State,  in  regard  to  tlie  new  building  that  is  proposed.  If  by 
any  iM>ssibility  that  building  coul<l  be  obtained  through  appropriation  from 
the  Legislature,  a  permanent  heiuhpijirters  for  the  Indiana  Academy  could 
be  secured,  a  most  excellent  place  for  carrying  out  some  such  idea.  It 
would  give  us  a  place  for  our  library,  and  it  seems  to  me  it  would  be  a 
t)enefit  to  the  Academy  on  every  side.  It  would  bring  the  whole  scientific 
body  of  the  State  of  Indiana  together  often  enough  to  get  acquainted  and 
keep  acquainted. 

I  believe  that  some  sort  of  permanent  liead(|uartcrs,  more  frequent 
meetings  and  shorter  meetings,  would  give  ns  tlic  best  results  in  this  State. 
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Mees,  C.  L. 
Minis,  W.  A. 
Moenkliaus,  W.  J. 
Montgomery,  H.  T. 
Moore,  G.  T. 
Mo<.>re,  R.  B. 
Morrison,  E. 
Mowrer,  F.  K. 
Noe,  tnetcher  M. 
Noyes,  W.  A- 
l*()tilnian,  A.  G. 
Potter,  Dr.  Tlieo<lore. 
Ransom,  J.  H. 
Rettger,  L.  J. 
Sniitli.  E.  R. 


Springer,  Dr.  A. 
Stoddard,  Dr.  S.  P. 
Stoltz,  Charles. 
Stoltz,  Charles,  Jr. 
Stone,  W.  E. 
Stuart,  M.  H. 
Swift,  L.  B. 
Taylor,  F.  B. 
Tlumias,  M.  B. 
Thompson,  Willis  S. 
Transeau,  E.  N. 
Turner,  W.  P. 
Van  Gorder.  W.  B. 
Waterman,  Dr.  L.  D. 
Weems,  M.  L. 
Williamson,  E.  B. 
Woodhams,  John  W. 
Woollen,  W.  W. 
Wright,  John  S..  and  wife. 
Young,  J.  P. 
Zimmer,  II.  E. 


Dr.  a.  L.  Foley  :  It  seems  to  me  the  Program  Committee  has  shown 
irtieularly  good  judgment  in  the  program  It  has  jirovlded,  and  In  no  way 
IS  that  good  judgment  been  better  shown  than  in  the  selection  of  the 
oastmaster  for  this  evening. 

There  is  no  man  in  Indiana  who  has  had  more  influence  upon  the 
'achers  of  the  State,  upon  the  schools  of  the  State;  there  is  no  man  who 
18  been  closer  to  the  hearts  of  his  impils.  There  is  no  man  who  has  had 
lore  to  do  with  the  development  of  science  in  Indiana  than  has  Professor 
avid  W.  Dennis,  of  Earlham  College,  who  will  preside.     (Applause.) 

Prof.  David  W.  Dennts  :  I  am  sure,  ladies  and  gentlemen,  that  I 
ish  more  than  any  of  you  iK)ssihly  can  that  all  of  that  was  tnie. 

In  science  we  have  many  of  us  been  very  lately  instructed  by  an  em- 
lent  Hoosier  that  nothing  at  all  is  settleil,  and  I  came  to  the  conclusion 
lis  morning  when  recaiiitulation  went  overl>oard  that  i>erhaps  it  is  so. 
ut  the  records  of  the  Indiana  Academy  of  Science  would  furnish  many 
cceptlons  to  this  rule.  During  these  twenty-five  years  we  have  been 
^ttling  a  considerable  number  of  questions;  some  of  these  have  been 
?ttled  so  effectually  that  they  have  never  come  up  again.     For  instance. 
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many  yeai-s  ago — so  many  that  I  have  forgotten  the  exact  date — Dr.  Jor- 
dan presented  a  discussion  on  "Fishing  all  the  way  from  the  Amazon  to 
Greenland,"  and  he  said  that  the  number  of  vertebne  in  the  fishes  of  the 
same  species  always  increases  with  the  latitude  in  which  the  fish  i« 
caught.  He  suggested  that  he  knew  no  reason  for  it  unless  perhaps  it  is 
that  life  expresses  itself  in  more  vigorous  terms  at  the  iwle  than  at  the 
e<iuator.  But  I*rof.  T.  C  Mendenhall  offered  a  theory  that  was  received 
with  much  applause,  and  that  everyone  tliought  was  right.  lie  said  the 
North  always  had  more  backbone  than  (lie  South,  anyway.  (Laughter). 
So  that  is  one  (piestlon  we  have  settled. 

I  remember  also  that  t\vpnty-four  years  ago  our  br)tanist  presented  to 
us  what  he  was  pleased  to  call  a  very  important  (piestion.  Several  others 
have  been  presentc<l  that  were  nijre  or  less  imi>ortant.  but  this  wbh 
really  important,  and  it  was.  in  general  terms,  the  develo|iment  of  life 
from  the  plasmixlium  to  the  oak.  He  referred  to  the  fact  that  miisli- 
rooms — I  tried  to  get  his  exact  words,  but  we  did  not  publish  in  those 
dajs.  so  this  is  as  I  remember  it — that  mushr(M>ms  "are  degenerates,  mere 
<lriftvvood  cast  up  by  the  waves  of  life's  ocean."  Incidentally  this  idea 
was  illustrated  by  another  journey  parallel  to  it,  fr<mi  the  Anioelm  by  way 
of  the  ascidian  to  man.  In  the  discussion  which  followed,  our  zoologist 
arose  an<l  said  the  ascidlans  "are  degeneratt»H,  mere  driftwood  cast  up  by 
tiie  waves  of  life's  (H-ean;"  so  the  status  of  the  mushroom  and  the 
as(M(lian  was  settled. 

We  really  took  up  some  serious  (piestions.    I  remember  that  Profeswr 
Waldo  in  a  wide  discussion  of  mathematical  <piestions.  had  a  good  deal  to 
say  about  parabolas.  hyi»erbolas,  asymtotes  and  other  sinn'lar  things;  Pro- 
fessor XelT  then  followetl  with  a   paper  dealing  with  the  refinements  of 
organic  chemistry,  whidi  he  illustrated  with  what  api)eared  to  be  colored 
chalk;  all  of  us  were  lost  some  of  the  time  and  stane  of  us  were  lost  all 
the  time  for  some  hours.    This  was  f(»llowed  by  a  glowing  vision  of  crea- 
tion from   a   Darwinian  standpoint.     It  was  an   interesting  occasion;  we 
all  understomi  and  took  on  a  benevolent  expression.    But  the  many  thing* 
we  used  to  teach  that  are  discardtnl  now  were  useful  In  their  day.    Car* 
lyle  says  somewhere  tliat  tlie  i)resent  time  is  "child  and  heir  of  all  the 
past  and  i>arent  of  all   the  future."   and   I   <-ould  not  help  thinking  this 
moniing  when  Prof.  Coulter  was  talking,  tliat  as  one  after  another  these 
theories  liave  be«»n  set  aside,  tli(M*e  lias  becMi  a  reason  for  the  existence  of 


57 

each  one,  uud  it  has  called  into  existence  something  that  is  hetter  than  it 
was  itself.    Our  criticism  is  constructive. 

I  bcOieve  scientific  men — or  at  least  if  you  will  make  it  a  little  broader 
than  tliat,  the  school-master  toihiy  is  the  priest  of  today:  and  he  is  going 
to  l>e  the  priest  of  the  future.  There  were  some  (piestions  submitted  to 
the  children  of  the  schools  hi  one  of  our  cities;  one  of  them  was,  "Where 
is  Heaven?"  In  the  answers  one  of  the  pui)ils  (it  was  a  girl,  so  there 
could  not  have  been  any  malice  in  it)  said  that  Heaven  was  said  to  be 
above  the  clouds,  but  she  added  that  physitral  geography  teaches  that  the 
atmosphere  is  only  about  forty-five  miles  high,  and  that  even  a  very  few 
miles  up  it  is  i>robably  not  |>ossible  for  anyb(Kly  to  live,  so  Heaven  could 
not  be  there  at  all.  Whatever  that  cbild  may  haA^e  thought  that  was 
wrong  or  inadeiiuate  about  Heaven,  it  is  clear  that  she  believetl  the  things 
her  teacher  had  taught  her  abimt  the  air.  He,  instead  of  her  minister — 
if  she  had  one — was  her  priest. 

I  hapi)enetl  to  be  i)resent  at  the  inception  of  tliis  Society  after  Amos 
Butler  brought  it  to  us,  and  of  coui*se  it  vv(mld  be  very  easy  to  c;>ntlniu» 
these  reminiscences;  but  that  is  not  wlmt  the  connnittee  asked  me  to  do. 
and  I  do  not  intend  to  tlo  it.  But  this  Society  has  Imh^u  a  grejit  help  to  mc 
and  to  all  of  us,  not  only  in  its  meetings,  but  in  the  rambles  we  have  had 
over  all  parts  of  Indiana  in  our  Spring  meetings.  We  went  out  to  Fort 
Quiatanon  and  iiunted  beads  the  Indians  had  lost  at  the  old  trading  iiost 
and  were  as  bappy  when  we  found  one  as  the  Indians  were  sorry  when 
they  lost  it:  we  have  gone  over  the  whole  State  getting  acquainted  with 
whatever  of  interest  it  had  to  offer.  Even  at  the  very  first  meeting  down 
at  Brookville,  the  home  of  the  Academy,  we  went  swinnning.  and  naturally 
got  actiuainted  with  ourselves;  saw  ourselves  in  a  sense  in  which  others 
did  not  very  t)ften  see  us.  (Laugliter).  These  social  occasions  have  been 
the  best  part  to  me.  after  all  is  siiid,  of  the  meetings  of  the  Academy  from 
the  beginning  until  now. 

I  have  tlie  pleasant  and  easy  task  of  introducing  first  a  man  who 
needs  no  presentation  to  scientific  men  anywhere;  a  man  who  needs  no 
title,  but  whose  titles  are  so  numerous  that  there  would  not  be  time  to 
read  them.  He  is  an  investigator  and  a  teacher,  was  for  a  time  the  pre- 
mier of  Indiana  teachers.  He  is  an  author  to  whom  science  owes  much 
and  man  owes  more;  the  man  for  whom  the  river  Jordan  was  named. 
(Laughter).  Dr.  David  Starr  Jordan,  President  of  Leland  Stanford 
Uiii  verslty.     ( Applau  se. ) 
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Dr.  David  Starr  Jordan:  Mr.  Toastmnster  and  President.  Membefr 
of  the  Academy,  Ladies  and  Gentiemen:  It  is  a  pretty  hard  thing  to  re- 
spond. Impromptu,  to  all  that.  I  only  liope  there  is  some  of  it  that  is  not 
true.  It  is  a  very  great  pleasure  to  me  to  get  back  here,  and  yet  that 
pleasure  is  not  unmixed  with  a  certain  kind  of  pain.  I  was  just  remark- 
ing to  Dr.  Coulter  that  m  the  "fierce  democracy"  of  this  Indiana  Academy 
"there  was  a  Brutus  once  who  would  have  brooked  the  eternal  devil  to 
take  his  seat  in  Rome"  as  easily  as  he  would  have  sat  for  dinner  in  a  dress- 
suit.  But  to  see  this  "fierce  democracy"  in  the  brook  at  Brookville— it 
gives  me  a  certain  sense  of  pain.  ( Ijaugliter. )  And  speaking  of  Bmtus 
calls  to  my  mind  Marc  Anthony,  and  I  rememl)er  an  occasion  when  a  gen- 
tleman was  called  upon  to  si>eak,  and  he  had  only  one  speech  which  he 
said  over  ;ind  over,  and  just  l>efore  going  in  he  asked  if  anyone  could  give 
him  the  address  of  Marc  Anthony.  A  friend  sjUd.  "You  know  Anthony's 
style  of  life  and  tlie  iHM>ple  he  asso<*iatCHl  with;  I  slumld  think  his  addresH 
would  be  at  the  same  old  plaw."     (Laughter.) 

I  siiw  a  statement  not  long  ago  by  Henry  Fairfield  Oslwrn,  that  he 
did  not  think  it  possible  for  an  American  University  to  proihice  a  I^anviu. 
and  the  reasons  he  gave  were  that  first,  he — that  is,  the  student  nowa- 
days—did not  have  to  contend  in  his  early  life  with  something  that  wau 
distasteful  to  him,  as  Darwin  did ;  second,  scientific  men  do  not  have  the 
appreciation  here  that  scientific  men  do  in  England;  and  third,  that  the 
scientific  men  of  this  country  do  not  liave  the  leisure  to  become  such  as 
Darwin  was.  It  does  not  sofMu  to  me  that  these  reasons  are  very  good. 
I  do  not  think,  perhaps  Darwin  did  not  tliink,  that  any  appreciable  part 
of  his  greatness  was  due  to  the  work  in  the  University  which  he  said  was 
incredibly  dull,  niid  which  leil  him  to  feel  that  he  would  never  read  a 
book  on  a  certain  subjei't  afterwards.  And  as  for  appreciation  in  this 
country,  you  have  just  heard  how  scientific  men  are  appreciated  In  Indi- 
ana, and  it  is  even  so  everywhere  we  go.  And  so  we  have  this  kind  of 
treatment,  in  America,  whereas  Danvin  was  named  "gas"  by  his  fellow- 
students,  because  he  confined  hini.self  more  or  less  to  chemical  experi- 
ments. And  as  for  leisure.  I  know  a  great  many  scientific  men  of  leisure 
who  have  never  made  any  pretense  to  being  Darwins  on  that  account  It 
seems  to  me  that  Darwin  was  first  made  by  heredity.  There  will  never 
be  another;  you  cannot  get  a  man  of  high  scientific  rank  and  quality  anless 
heredity  starts  the  thing.  You  have  to  get  the  right  kind  of  stock.  There 
is  no  Reason  why  the  right  kind  of  stock  should  not  be  foui^d  In  I^4^al^^ 
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for  there  is  sach  an  amouut  of  genius  in  this  State  that  it  spills  over  into 
all  the  other  States.  California  is  full  of  it  that  has  been  borrowed  from 
Indiana,  and  so  with  the  other  States.  The  first  thing,  then,  is  heredity. 
The  second  thing  is  to  l>e  "up  against  it."  We  read  in  history  that  Dar- 
win went  to  see  horse  races  and  watche<l  them  very  closely;  that  he  was 
interested  in  the  beetles  of  England  and  gathered  beetles  in  season  and 
out  of  season.  In  other  words,  with  all  the  scientific  training  a  student 
gets  he  should  be  brought  right  up  against  nature;  against  the  things  that 
do  not  lie  if  you  listen  to  what  they  Iiave  to  say.  Then  the  third  thing. 
We  read  in  the  various  historical  sketches  of  Darwin  that  he  "walked 
with  Henslow%'*  a  man  with  enthusiasm,  and  this  enthusiasm  was  passed 
from  the  teacher  to  him.  I  take  it  then,  that  the  making  of  a  great  man 
of  science  rests  on  these  three  things,  and  I  do  not  think  the  other  things 
have  anything  to  do  with  it.  I  notice  a  man  will  do  just  as  much  when  he 
has  not  any  time,  as  he  will  when  he  has  all  the  time  there  is. 

Now,  I  think  we  have  these  elements  to  a  greater  or  less  extent  in  our 
mmlern  Universities.  Of  course,  heredity  is  not  included,  but  the  second 
element,  that  of  coming  up  against  it,  is  more  or  less  within  the  power  of 
every  institution  now.  There  was  a  time  when  institutions  prided  them- 
selves that  they  did  not  let  the  students  come  up  against  any  scien- 
tific knowledge.  There  was  a  time  when  the  University  teacher — an  A.  B. 
— was  more  interested  in  the  song  of  the  oriole  than  the  students  in  his 
classes.  But  the  Universities  hava  recognized  that  defect.  Now,  the 
third  element,  "walking  with  Ilenslow."  Jacques  Ix)eb,  of  the  University 
of  Chicago,  told  me  awhile  ago  that  he  received  a  very  enthusiastic  letter 
from  a  young  man  who  said  he  wanted  above  all  things  to  study  the 
origin  of  life,  and  that  he  wanted  above  all  things  to  study  under  Loeb 
and  enjoy  his  fellowship.  Then  Loeb  wrote  back  that,  unfortunately,  he 
had  decided  to  go  to  California,  and  tiie  young  man  wrote  back :  "Will 
you  kindly  turn  my  letter  over  to  your  successor?" 

Now,  to  a  large  degree,  young  men  are  training  themselves  wrong. 
Instead  of  "walking  with  Ilenslow,"  they  are  going  where  they  are  hired 
for  $200  to  $500  a  year.  They  are  a  bar  to  scientific  research,  for  what 
professor  can  teach  his  students  to  do  a  thing  which  he  cannot  do  him- 
self? You  may  remember  In  the  last  numl)er  of  the  Atlantic  Monthly,  an 
article  by  Professor  Showerman  of  the  University  of  Wisconsin.  The  pro- 
fessor had  worked  for  some  time  on  the  prefixes  in  P,  of  Plautus,  he  was 
then  working  on  the  sufldxes  in  S,  of  Seneca,  to  be  followed  by  the  termi- 
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nations  in  T  of  Terence.  The  point  I  want  to  get  at  is  that  this  is  not 
advanced  worls,  and  the  student  will  not  gain  enthusiasm.  I  do  not  thinlt 
we  ought  to  mlstalie  for  advanced  study  this  very  elemental  wort,  the 
things  that  are  of  no  conseiiuence,  and  just  so  far  as  we  allow  our  young 
men  to  do  this  elementary  worlc,  so  far  will  we  find  them  going  out  a« 
teachers  without  enthusiasm,  and  saying  that  it  is  impossible  In  this 
country  ever  to  see  another  Darwin.     (Applause.) 

Mr.  Dennis  :  Tlio  next  si>eaker  is  a  member  of  the  Academy,  and  has 
been  for  eighteen  j-ears.  He  came  to  us  from  the  neighboring  State  of 
Oliio,  and  we  expect  him  this  evening  to  bring  the  greetings  of  his  native 
State  to  the  Academy.  He  is  the  gentleman  who  in  his  earlier  scientific 
career  invented  tlie  toi-sion  balance.  At  the  present  time  his  specialty  i« 
fermentation. 

Dr.  Alfred  Springer,  of  Cincinnati. 

Dr.  Alfred  Springer:  Mr.  Toastmaster,  Ladies  and  Gentlemen:  It 
certainly  affords  me  great  pleasure  to  be  here  with  you  this  evening,  and 
no  little  gratification  to  be  permitted  to  address  a  body  of  men,  many  of 
whom  have  carve<I  their  names  deeiily  in  the  records  of  scientific  achieve- 
ment. Tlie  achievements  of  those  of  you  who  have  remained  at  home  have 
become  liousehold  words,  and  the  fame  of  those  who  have  left  the  State 
to  spread  such  brightness  as  only  science  can  convey,  has  loomed  up  con- 
spicuously among  many  brilliant  ligiits.  Twenty  years  ago  the  American 
Association  for  the  Advancement  of  Science,  in  looking  over  its  list  of 
eligible  candidates,  selected  from  your  members  T.  C.  Mendenhall  as  the 
man  worthy  to  represent  it  as  President.  Chairmen  for  the  various 
sections  of  the  American  Association  have  freciuently  been  selected  from 
the  Indiana  Academy  on  account  of  the  go<Hl  work  they  have  done.  As 
for  the  (icneral  Secretary  of  the  American  Association,  where  could  « 
better  and  more  popular  one  be  found  than  in  our  own  Amos.  W.  Butler? 
He  graced  that  iM)sition  in  1S02,  and  ornithologically  speaking,  he  was  a 
"l>ird."  (Laughter.)  This  year  the  American  Association  for  the  Ad- 
vancement of  Science  has  honore<l  itself  in  selecting  one  of  your  past  pw*^" 
dents  for  its  President.  No  one  wlio  knows  Dr.  David  Starr  Jordan  doabts 
but  that  he  will  add  additional  lustre  to  its  already  bright  page& 

I*ermit  me.  as  a  delegate  from  the  Cincinnati  Section  of  the  American 
Chemical  Society,  to  congratulate  you  (m  tlie  twenty-five  years  of  yonr 
existence,  and  to  besjieak  for  tlie  future,  if  such  a  thing  be  powrfhle, 
greater  succi»ss  than  in  the  past.     (Applause.) 
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Pbofessob  Dennis:  The  program  committee  wished  a  man  to  speak 
for  the  small  college,  and  it  has  asked  Professor  Cnlbertson  to  do  this. 
He  was  President  of  this  Academy  last  year,  and  it  is  a  fact  that  he  has 
been  a  member  of  the  Indiana  State  Legislature.  1  cannot  understand  how 
it  came  to  pass,  but  will  leave  that  for  him  to  explain — it  is  true.  If  he 
occupies  six  minutes'  time,  he  has  obtained  for  us  through  the  Legislature 
$100  a  minute  every  year  for  all  of  that  time,  and  I  think  he  will  be  en- 
titled to  at  least  that  much.    Prof.  Glenn  Cnlbertson,  of  Hanover  College. 

Pbofessob  Glenn  Culbebtson  :  Mr.  Toastmaster,  Ladies  and  Gentle- 
men :  I  shall  not  attempt  to  explain  how  I  came  to  the  Legislature.  I 
enjoyed  the  experience  very  much,  but  I  do  not  know  that  I  shall  care  to 
go  through  it  again,  so  you  had  better  be  looking  up  another  candidate 
if  you  want  the  appropriation  continued  two  years  longer.  I  was  very 
much  pleased  to  hear  the  expression  this  morning,  but  there  really  was  not 
very  much  difficulty  in  getting  the  appropriation.  And  I  want  to  say  this 
in  regard  to  that  appropriation,  that  I  did  not  do  anything  that  was  against 
my  conscience  in  attempting  to  get  it.  If  I  had  not  felt  that  there  were 
good  palmers  presented  to  this  Academy  every  year  that  ought  to  be  pub- 
lished in  its  report,  I  should  not  have  worked  for  this  $600  additional 
appropriation. 

My  subject  is  "The  small  college  in  its  relation  to  the  Academy  of 
Science.'*  I  think  by  going  back  twenty-five  years  in  the  history  of  the 
Indiana  Academy  of  Science,  every  college  in  the  State  would  come  in 
that  class.  Since  then,  of  course,  some  of  them  have  moved  forward  into 
a  higher  class.  I  have  been  a  member  of  the  Academy  for  some  fifteen  or 
sixteen  years,  and  it  has  been  a  great  pleasure  to  come  up  here  year  after 
year  to  hear  the  papers  read  and  the  discussions  entered  into.  They  cer- 
tainly have  been  an  inspiration  to  me,  and  I  take  it  they  have  to  every  man 
in  a  small  institution  in  Indiana.  We  are  spread  out  over  a  considerable 
territory,  and  we  have  a  great  deal  of  work  to  do.  Dr.  Jordan  says  that 
the  more  work  a  man  has  to  do  the  more  he  will  do,  but  it  is  true  that 
if  we  have  a  great  deal  of  work  along  different  lines  we  do  not  have  time 
to  put  in  special  work  in  preparing  such  papers  as  we  have  heard  here  year 
after  year ;  nevertheless  we  have  all  done  our  i>art.  Of  course,  we  of  the 
smaller  colleges  rather  envy  a  go<Hl  many  of  the  teachers  in  larger  insti- 
tutions because  of  their  ability  and  opportunity  to  pursue  their  work 
along  certain  lines,  but  there  are  compensations.     We  get  a  broader  grasp 
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of  things  in  a  certain  way,  and  we  have  certain  relationships .  that  are 
very  pleasant  to  us.  I  will  admit  that  with  some  of  the  papers,  all  I  can 
do  is  to  look  wise,  but  I  have  received  a  great  benefit  from  a  good  many 
of  them,  and  have  gone  back  home  resolved  to  understand  more  fully  these 
things  that  are  brought  to  our  notice. 

So  far  as  the  work  of  the  small  institutions  of  tlie  State  is  concerned, 
you  have  only  to  look  at  the  program  to  see  that  the  small  institutioni* 
have  done  their  share  in  producing  the  scientific  men  that  have  been  an 
iionor  to  Indiana.    We  are  very  proud  of  them  today. 

I  want  to  thank  you  for  listening  to  the  words  I  have  siK)ken,  but  1 
think  you  can  listen  to  better  advantage  to  those  who  are  to  follow  me. 

Pbofessob  Dennis:  Mr.  Milo  H.  Stuart,  of  the  Manual  Training 
High  School,  has  been  requested  by  the  committee  to  speak  on  the  subject 
of  High  Schools,  lie  was  principal  of  the  High  School  at  St.  Paul  before 
coming  here,  and  is  certainly  as  well  qualified  to  speak  from  that  stand- 
point as  any  member  of  the  Academy. 

Professor  Milo  H.  Stuart:  Mr.  Toastmaster,  Ladies  and  Gentle- 
men :  It  is  easy  to  see,  in  the  si>lendid  addresses  to  which  we  have  been 
listening,  why  the  Academy  has  endeared  itself  to  the  people  of  Indiana. 
I  would  be  pleased  to  add  other  reminiscences  if  I  could  do  so,  but  I  am 
too  late  a  recruit  to  make  any  contribution  along  that  line. 

Coming  from  the  High  School  field,  I  naturally  think  of  the  work  of 
the  Academy  from  that  standpoint.  As  we  have  heard  these  inspiring 
addresses  today  I  have  been  thinking  how  fine  it  would  be  if  every  science 
teacher  of  the  StJite  of  Indiana  could  have  l)een  induced  to  come  to  thi8 
fount  of  inspiration.  I  believe  he  would  have  gone  back  to  his  classes 
with  fresh  ardor. 

We  all  rememl)er  wlien  we  left  our  Universities  and  got  Into  original 
work,  how  great  a  pleasure  it  was  to  feel  that  we  had  contributed  just  a 
little  to  the  volume  of  knowledge.  The  compensation  that  comes  from 
that  kind  of  labor  is  certainly  very  great,  and  it  seems  to  me  if  the  teach- 
ers of  the  State  could  come  into  touch  with  tlie  i>e(H)le  who  are  doing  It 
they  would  feel  tlieir  load  a  great  deal  lighter.  I  know  they  would  take 
back  to  their  lK)ys  and  girls  inspiration  that  would  fast  make  scientists  oat 
of  them. 

This  Academy  of  Science  marks  its  twenty-fifth  milestone  today,  and 
its  face  is  set  toward  tlie  golden  nnniv«»rsnry.    I  am  reminded  of  the  story 


63 

of  the  Irishman  who  said  he  wished  he  Iviiew  Just  tlie  spot  where  he  would 

die.    His  brother  asl^ed  him  what  he  wanted  to  Isnow  that  for,  and  he  said 

If  he  linew  the  exact  spot,  he  would  spend  the  rest  of  his  life  keeping 

away  from  it.    So  I  think  the  Indiana  Academy  of  Science,  through  some 

of  its  officials,  must  have  discovered  the  siK)t  where  it  might  die,  and 

started  in  the  opiK)sito  direction,  and  we  are  twenty-five  years  removed 

from  that  place  tonight. 

That  leads  me   (with  apologies  to  Tennyson)   to  conclude  by  saying, 

that 

Scientists  may  come  and  scientists  may  go, 
But  the  Academy  goes  on  forever. 

(Applause.) 

I'BOFKSSOK  Dennis:  Every  word  I  said  in  introducing  Dr.  Jordan  is 
true  of  the  next  s|»eaker;  every  teacher  in  tlie  state  W(mld  forgive  me  for 
saying  that  after  Dr.  Jonlan  loft  us  he  became  our  premier.  There  was. 
however,  one  difTerence.  Dr.  Jordan,  as  President  of  the  State  University, 
had  for  his  rule  a  motto  "Die  Luft  der  Freiheit  weht." 

The  students  hardly  knew  what  this  meant  but  tinally  concluded  it 
was  "No  smoking  in  the  buildings."  Prof.  Coulter  succeeded  Jordan  and 
the  first  day  he  smoked  in  the  office.  (He  sometimes  smoked  in  those 
days.)  The  students  made  a  bimfire  of  their  l)est  hats: — ^they  had  had 
but  one  rule  and  now  they  had  none.  Prof.  John  M.  Coulter,  of  the  Uni- 
versity of  Chicago. 

Dk.  John  M.  Coulter:  Mr.  Toastniaster  and  Friends:  All  these  an- 
<'lent  and  new  menit>ers  of  the  Academy,  who  have  s[)oken,  have  about 
exhausted  the  subjects,  and  I  hardly  know  where  to  find  myself.  One 
tiling  I  had  in  mind  when  Dr.  Jordan  was  suggesting  that  heredity  perhaps 
determined  in  the  first  place  whether  a  man  was  going  to  do  anything  or 
not.  and  that  things  that  followed  were  more  or  less  auxiliary.  I  remem- 
l)er  to  have  heard  Dr.  Wiley  some  years  ago  raise  the  (iuesti<m  why  there 
were  so  many  scientific  men  in  this  State  as  well  as  men  wlio  had  achieved 
more  or  less  distinction  in  other  callings.  He  answered  it  tlien  to  his  own 
satisfaction.  I  have  never  seen  it  tested,  but  he  concludeil  that  the  men 
in  Indiana  who  had  made  their  mark  in  scienc*e  or  in  any  of  the  other  pfo- 
fessions  were  the  men  whose  early  life  had  l>een  spent  in  tlie  most  for- 
bidding parts  of  the  State  from  an  agricultural  point  of  view,  and  that 
there  was  nothing  to  become  interested  in  except  education.  Just  how 
n)an^  scieqtific  men  were  lined  up  In  tiiis  roll-call.  I  do  not  know,  but 
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when  this  State  is  unnl>Ie  to  produce  anytliiug  else,  it  can  produce  dis- 
tinguished men. 

I  supiMJse  a  eliarter  inenil)er  is  expected  to  be  more  or  less  reminiscent, 
and  there  are  two  or  three  thiugs  that  the  other  s|)eakers  have  left  un- 
mentioned. 

In  its  early  days,  twenty-five  years  ago,  this  Academy  meant  a  great 
deal  to  those  who  were  members,  and  for  two  or  three  reasons.  I  think 
Dr.  Jordan  and  Amos  Butler,  for  example,  will  bear  me  out  in  this.  In 
the  first  place  this  State  science  was  comparatively  new ;  it  was  new  to 
us,  new  to  the  State,  and  new  to  the  country.  We  came  together  as  a  set 
of  young  men  who  were  interested  in  a  new  thing  with  a  sort  of  fine  en- 
thusiasm with  respect  to  the  unknown  that  is  found  everywliere.  In  the 
next  place,  the  instruction  in  science,  with  whicli  all  of  us  were  more  or 
less  concerne<l,  was  just  as  new.  It  was  even  newer,  l>ecause  in  those  days 
the  position  of  science  in  the  coileges  we  reim^sented  was  more  or  less 
doubtful  and  some  of  the  tilings  we  taught  were  often  hniked  at  askance. 
The  whole  situation  in  the  nmtter  of  scientific  instrncti(m  was  in  its  very 
hegiiniings.  This  also  gave  us  a  fine  enthusiasm,  a  sort  of  feeling  of  wmi- 
rade«hip  in  a  campaign.  We  felt  the  need  of  companionship,  and  we 
lound  it  In  the  Acjulemy.  We  would  come  here  frtun  our  vari(ms  colleges, 
full  of  enthusiasm,  and  talk  over  the  prol)leins.  and  this  forme<l  a  nucleus 
of  sentiment,  an  esprit  du  corps  that  first  develoiKxl  anumg  us,  and  which 
has  since  develoi>e<l  and  given  to  tlie  Academy  the  place  it  now  occui)ies  in 
tlie  State.  I  think  jierhaps  a  feature  that  sustained  us.  and  that  made  as 
nnich  f<»r  the  solidarity  of  this  Academy  as  any  other,  was  that  one  of  our 
first  campaigns  in  the  State  was  educational.  Science  was  fighting  for  its 
life,  for  a  place  in  tlie  cnilleges.  There  was  another  ass«M*iation  tliat  met 
at  the  same  time  in  Indianapolis,  kno^^'n  as  tlie  "College  Association,"  and 
one  of  tlie  functions  of  the  Academy  was  to  lay  plans  to  assault  that  **Col- 
lege  Association."  I  remember  distinctly  one  of  the  things  we  had  to  com- 
bat. There  was  a  tendency  to  antagonize  the  intellectual  tastes  of  the 
students  in  those  days,  and  one  of  the  old  professors  said  he  tliought  that 
the  very  thing  a  student  neede<l  was  the  thing  he  disliked  the  most.  If 
he  dislikefl  matliemati(^,  make  him  take  it;  if  lie  disliked  Greek,  make 
him  take  it.  That  was  one  of  tiie  educational  slogans  at  that  day, — every 
student  needs  what  he  dislikes.  I  have  an  idea  that  no  one  thing  could 
have  brought  us  closer  together  in  our  community  of  interest  than  tlie 
discussion  of  these  educational  questions. 
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But  today  yon  are  throateiUHl  by  a  danger  that  we  did  not  ent\  inter. 
Every  interest  brought  us  together;  every  impulse  was  to  come  here  to 
meet  friends  and  associates.  Now  the  tendency  is  rather  the  otlier  way. 
We  are  becoming  more  and  more  independent ;  we  are  becoming  more  and 
more  narrow;  and  we  are  in  greater  danger  of  working  apart  than  ever 
l)efore  in  our  history.  Many  fine  men  are  growing  up  who  have  the  very 
sum] lest  amount  of  interest  in  anything  that  is  going  on  outside  of  their 
own  field,  and  as  a  consequence  there  is  a  tendency  to  segregation  w^hich 
I  feel  to  be  a  thing  that  must  be  combated. 

There  are  two  dangers  I  wish  to  call  to  your  attention,  two  dangers 
that  reimions  of  this  kind  will  help  to  correct.  One  of  these  is  the  matter 
of  personality,  the  kind  of  personality  that  can  only  be  developed  in  con- 
tact with  men,  that  cannot  be  develojKMl  in  connection  with  one's  own 
theories  and  one's  own  way  of  looking  at  things.  It  is  the  kind  of  per- 
sonality that  influences  men  and  is  sympathetic  with  them,  and  can  only 
be  obtained  by  knowing  men.  tlius  gaining  a  very  much  wider  range  than 
is  possible  within  the  limits  of  one's  own  field.  It  seems  to  me  that  is  one 
of  the  striking  features  that  ought  to  be  thought  of  in  connection  with  this 
Academy.  Frankly,  I  think  that  pai)ers  are  relatively  very  unimiiortant 
things.  I  never  saw  very  much  inspiration  in  papers.  The  inspiration 
comes  from  association  with  men,  and  that  is  the  thing  to  cultivate — this 
opportunity  to  associate  one  with  another. 

The  other  thing  we  are  in  danger  of  losing  sight  of,  and  which  this 
Academy  can  correct,  is  the  tendency  to  become  narrow  in  our  vision  and 
lose  our  perspective  of  the  whole  general  field,  not  only  of  science  but  also 
of  education.  You  will  find  that  as  scientific  men  become  less  and  less 
interested  in  other  fields  of  work,  as  they  grind  their  own  grooves  deeper 
and  deeper,  they  become  less  and  less  effective  as  teachers  and  loss  and  less 
influential  with  their  students.  You  will  find  men  with  broad  outlook. 
dear  and  wide  vision,  men  with  sympathy — and  men  can  only  get  these 
things  by  coming  in  contact  with  larger  fields  than  their  own — are  the 
men  who  win  with  students. 

These  two  things  we  want  in  these  days,  men  with  sympathetic  per- 
sonality, with  a  broad  view  over  science  in  general,  with  an  appreciation 
of  the  work  of  others,  and  witli  larger  view  (»f  ecUication  as  well.  I  hear 
that  the  art  of  teaching  is  disappearing.  It  seems  to  me  that  the  fine  en- 
thusiasm which  a  teacher  must  impart  to  his  student,  is  in  danger  of  dis- 
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ai)[)eariiig  from  our  scientific  hiborntories,  which  arc  too  mucli  in  duuizer 
of  beeominp:  mere  factories. 

Your  number  is  so  small  llmt  you  can  really  know  one  another  and 
can  know  the  work  that  is  being  done  by  one  another,  and  that  is  just 
the  sort  of  thing  j'ou  need.  You  d(»  not  n<»etl  to  come  here  for  training  in 
science;  the  Academy  is  no  place  for  training,  it  is  for  assoiMation  and  per- 
sonal insi)iration.     (Applause.) 

Professor  Dknnis  :  Ladies  and  (lentlemen  :  Some  years  ago  *'plank- 
ton'*  got  into  the  reservoir  of  our  waterworks  at  Kiclnnond,  and  we  were 
a  unit  that  we  could  not  get  along  with  it  there  any  longer,  and  when  we 
set  out  to  procure  a  reme<ly  we  found  that  such  a  remedy  had  been  worked 
out  by  a  member  of  this  Academy,  and  this  man  is  the  one  I  will  now  call 
on  to  speak,  lie  is  a  graduate  of  Wabash  College.  He  is  the  inventor  of 
a  means  of  culture  for  the  nitrifying  bacteria  of  the  m>il.  which  inventicHi 
ho  did  not  patent,  but  gave  to  the  American  people.  This  puts  us  all  under 
obligations  to  him. 

Mr.  George  T.  Moore,  of  the  Botani(*ai  Gardens  of  St  Louis.  (Ap- 
plause.) 

In  his  response  Mr.  Moore  cjilled  attention  in  a  humorous  wa3%  to  some 
of  the  advantages  of  scientific  knowleilge,  and  in  c<mclusion  presented  the 
greetings  and  best  wishes  of  the  St.  I>ouis  Academy  of  Science  and  the 
Missouri  Botanical  (Jarden. 

I*ROFKssoR  Dknxis:  a  numl)er  of  telegrams  and  letters  have  been  re 
ceived  since  the  adjourmnent.  and  I  will  ask  Prof.  Butler  to  read  theiu 
now. 

(The  letter  of  Dr.  Wiley  is  api>ended  as  it  was  the  basis  for  action  in 
the  closing  session  on  Saturday  morning). 

Washington,  D.  C,  Nov.  22,  1909. 

Mr.  A.  W.  Butler.  Indianapolis,  Indiana. 

Dear  Mr.  Butler — 1  have  rin^eived  from  you  and  other  members  of  the 
Academy  of  Science,  cordial  invitations  to  be  present  at  the  25th  ann^ 
versary  meeting.  November  2r>th-2Tth,  IIK)!).  Should  I  consult  my  personal 
desires  I  would  surely  acrept  the  invitation.  Just  at  this  time,  however. 
two  extremely  im])ortant  cases  are  in  preparation  for  trial  before  tbe 
United  States  courts,  M)  the  use  of  borax  in  foods,  and  (2)  the  use  of 
I)eroxides  ol  nitrogen  in  bleached  ficmr.  I  am  compelled  to  give  every  mo- 
ment of  my  time  to  the  preparation  for  these  cases,  the  first  one  of  which 
will  be  called  in  the  feiieral  court  In  Peoria  on  the  8th  of  December.    \ 
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therefore  am  constrained  by  reason  of  these  public  duties  to  decline  the 
invitation  to  be  present  at  tlie  nieetinjc  of  the  Academy  of  Science.  I  want 
to  say.  however,  just  one  word  to  the  meml)ers  of  tlie  Academy,  and  that 
is  a  word  of  congratulation  on  tlie  work  which  has  been  accomplished  by 
the  Indiana  Academy  of  S<'ienc*e  in  the  quarter  of  a  century  which  has 
passed. 

I  do  not  believe  that  any  !*tate  association  in  the  country  of  a  sim- 
ilar character  has  accomplished  so  nuich.  nor  has  brought  together  a  band 
of  men  more  devoted  to  research,  more  shigle  in  puriK>se  and  more  enthu- 
siastic in  the  pursuit  of  scientific  truth.  Many  of  the  members  of  the  Asso- 
ciation have  from  time  to  time  gone  out  into  other  parts  of  the  country  to 
pursue  their  work  in  other  States.  Not  one  of  them.  I  believe,  has  lost 
his  love  for  the  Academy  n;a-  parted  with  his  devotion  to  its  cause  and 
welfare. 

1  have  l>een  reading  lately  some  of  the  early  history  of  Indiana  in  its 
political  and  literary  development.  I  should  like  to  suggest  that  some  mem- 
l>er  of  the  S<K*iety,  before  the  data  are  scattered  and  while  it  is  still  ik)S- 
sible  to  derive  from  the  moutlis  of  living  witnesses  important  facts,  should 
write  the  history  of  early  scientific  education  in  Indiana.  l)eginning  with 
the  work  of  the  Owens  at  New  Harmony,  almost  a  hundred  years  ago,  and 
bringing  it  up  to  the  era  of  the  establishment  of  the  new  science,  say  about 
to  1S75,  or  1880.  To  write  the  work  of  scientific  research  of  Indiana  in 
the  last  twenty-five  years  wouki  be  too  nuich  of  an  undertaking  for  any 
one  man,  but  the  grejitest  interest  would  attach  to  a  history  of  the  scien- 
tific development  of  Indiana  from  the  time  of  its  beginning,  or  a  little  after, 
up  to  the  date  which  I  have  mentioned  above.  I  feel  sure  that  there  are 
enthusiastic  and  industrious  members  of  tlie  Society  who  would  undertake 
to  do  this,  either  by  collaboration  or  by  helping  some  one  who  would  vol- 
untarily assume  the  burden  of  the  work.  Scientific  men  of  Indiana  whose 
experience  goes  back  of  1875  might  contribute  i)ersonal  recrol lections  of 
scientific  development  which  would  prove  of  intense  interest  Tlie  scien- 
tific work  of  the  early  c»olleges  of  Indiana  is  worth  the  most  careful  study 
and  would  make  interesting  chapters  in  the  history  of  those  days  when 
the  study  of  science  was  not  considered  to  be  a  re<iuisite  for  a  liberal  edu- 
cation as  it  is  at  the  present  time.  The  story  of  the  work  of  such  men  as 
R.  T.  Brown.  E.  T.  Cox.  Dr.  I/evette.  John  Coburn,  and  others  of  that  class 
would  make  most  interesting  contributions  to  a  work  of  this  description. 
At  the  present  time  when  there  is  so  much  interest  in  the  early  political 
and  literary  history  of  tlie  State  it  seems  to  me  the  scientific  history-  should 
not  be  neglected. 

I  had  hoped  to  present  and  read  some  pai)er  of  a  scientific  character 
at  the  meeting,  but  as  this  is  not  to  be,  I  should  like  to  present  in  lieu 
thereof  this  suggestion,  wliich  I  hoi)e  will  be  given  due  ciaisideration.  I)e- 
cause  if  it  can  be  carrie<l  out  it  will  be  historical  as  well  as  a  scientific 
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work  which  will  prove  of  immeasurable  interest  in  the  near  future.  If  not 
at  the  present  time. 

I^t  me  close  with  the  hope  that  this  meeting  may  be  all  its  promoters 
have  intended  it  slumld  be — a  feast  nut  only  of  science  but  of  friendship— 
that  it  may  result  in  the  stronger  cementation  of  the  bonds  which  hoW 
tlie  love  of  tlie  loyal  Hoosiers  firmly  to  the  State,  and  excite  a  pride  in  tlie 
scientific  work  of  Indiana  which  may  rival  that  which  so  justly  exists  re- 
si>ecting  its  literary  accomplishments. 

Sincerely, 

H.    W.    WiLEV. 

Pbofessor  DeniNis:  The  Committee  wishes  to  honor  many  more  mem- 
bers of  the  Academy  by  asking  tliem  to  speak  to  you  this  evening,  but  on 
account  of  the  lateness  of  the  hour  we  will  have  to  restrict  the  number. 
I  will  now  call  on  our  old  comrade.  Prof.  W.  A.  Noyes,  of  the  University 
of  Illinois. 

Professor  W.  A.  Noyes:     Mr.  Toastmaster,  Ladies  and  Gentlemen: 
I  have  been  resting  .very  quietly  and  easily  all  the  evening,  not  seeing  my 
name  on  the  program,  and  not  having  the  slightest  hint  that  I  would  he 
called  upon.     It  is  surely  a  very  great  pleasure  to  be  here,  and  I  wouM 
like  to  say  just  a  word  about  the  old  times  when  the  Academy  started.    I 
believe  I  was  one  of  the  charter  members,  and  one  of  the  things  I  remember 
of  that  time  w^as  the  discussion  in  regard  to  the  name  that  we  shottW 
adopt.    It  was  finally  agreed,  if  I  remember  correctly  on  the  reconmienda- 
tion  of  Dr.  Jordan,  that  we  should  call  it  the  Indiana  Academy  of  Science, 
not  the  Indiana  Academy  of  Sciences.     I  think  that  in  his  mind  and  In 
ours,  as  we  selected  tluit  name,  was  the  thought  that  after  all  there  should 
be  but  one  science,  which  is  all-embracing,  and  I  feel  that  as  one  of  the 
ideals  of  the  Academy  it  has  Iwcn  of  the  greatest  value  to  us.    As  we  come 
together  in  these  meetings  of  the  Indiana  Academy,  we  feel  that  no  mat' 
tor  how  separated  our  lines  of  work  may  be,  how  different — so  different 
sometimes  that  we  can  understand  but  little  of  each  other's  language— — 
yet  after  all  we  are  simply  working  in  different  parts  of  one  great  whol^^ 
of  scientific  knowledge,  and  tliat  it  is  (mr  place  to  look  at  our  part,  on' 
field,  as  merely  one  part  of  llie  wliole,  all  parts  of  which  may  in  some  WJ 
or  other  touch  our  own.    And  tliis  opportunity  of  seeing,  of  catching 
a  little  glimpse  of  tliis  work  that  is  so  far  removed,  perhaps,  from  our 
and  the  acipiaintance  of  these  men  who  are  working  in  the  different  Mde^ 
is,  it  seems  to  mo,  fine  of  tlie  features  of  greatest  value  in  these  friend* 
ships  and  associations  which  we  have  made  here  in  this  Academy. 
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Professor  Dennis:  We  shall  now  hear  from  Professor  Charles  W. 
Greene,  of  the  Uinversity  of  Missouri. 

Prof.  Chari^s  W.  Grkenk:  Mr.  Tonstmaster :  It  seems  rather  un- 
fortunate that  a  man  such  as  I,  of  no  ahllity  as  a  speaker,  should  be 
called  upon,  but  I  will  do  the  best  I  can  to  express  the  feeling  of  enthusi- 
asm and  encouragement  this  meeting  has  given  me.  It  has  been  a  great 
pleasure  to  meet  so  many  friends  and  to  recall  old  times  when  the  Aca- 
demy first  began,  the  time  when  at  DePauw.  through  the  genial  personality 
of  Professor  Jenkins,  we  l)egan  to  catch  the  scientific  spirit.  I  remember 
my  first  meeting  with  the  Academy  was  at  Greencastle.  We  went  out  on 
a  field  excursion  and  we  younger  men  were  brought  into  intimate  con- 
tact with  the  stimulating  i)ersonal  enthusiasm  which  always  characterizes 
Indiana  scientists. 

I  think  one  of  the  features  of  this  meeting  has  been  the  showing  of 
the   great   tolerance  that  has   been   developed   in   our   scientific   lines   of 
thought.     Dr.  Coulter  showed  us  that  this  morning.     It  is  certainly  very 
encouraging  to  the  physiologist  to  learn  that  in  the  life  of  the  plant.  In 
its  growth  from  the  plasuKKlium,  it  is  not  i»redestined  to  go  through  any 
fixed  and  inflexible  schedule  of  development    I  felt  at  the  time  that  prob- 
ably the  calm  cold  conservatism  of  morphology  was  yielding  to  the  seduc- 
tive charms  of  physiology  as  expressed  in  environment,  that  a  new  era  in 
botany  was  still   possiblie  to  us.     That  was  not   tlie  old   botany   but   a 
glimpse  of  the  new. 

Professor  Dennis:  Dr.  Everniann  for  a  long  time  a  member  of  tlie 
Academy  is  with  us  and  will  tell  us  what  members  of  the  Academy  are 
doing  in  Washington.  He  represents  the  Atl.niti(?  here  as  Dr.  Jordan  the 
Pacific.  He  gave  us  last  night  an  account  of  a  ttsliing  trii)  to  the  "Tiptoji 
^^  the  United  Stat€*s*'  but  he  did  not  jiroduce  his  '*rcK?ords  or  his  instru- 
*^®nts"  or  even  his  fishes;  he  gave  ns  only  fish  stories.  Perhaps  he  has 
"©  r^ai  article  with  him  this  evening.  Dr.  Ha  Hon  Warren  F]vermann  of 
**^    tj.  S.  Fish  Commission. 

13b.  Barton   W.  Evermann:     Mr.  Toastmaster  and  Amos   Hntler — or 
^^    Indiana  Academy — they  mean  tiie  same  thing.     I  have  been  kK>king  at 
^'^  program  ever  since  I  came  into  tiie  room,  and  I  notice  what  my  friend, 
^*    Coulter,  also  noticed,  and  mentiomnl  in  his  remarks — the  toast  imme- 
diately following  my  name,  whicli   I   fear  bears  some  relation  to  wliat  I 
»^ftve  already  said  or  what  I  may  say  in  this  meeting.     "liord,  Ix>rd,  how 
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this  world  Is  given  to  lying !"  But  I  am  ghid  Dr.  Coulter  noticed  this  and 
put  In  a  disclaimer,  thus  relieving  me  to  scmie  extent  of  the  suspicion  that 
ray  fish  stories  were  the  only  ones  in  mind. 

I  would  like  to  say  a  word  regarding  those  of  the  Indiana  AcMde> 
my  wlio  are  now  in  Washington,  and  to  tell  you  something  of  what  they 
are  doing.  I  noticed,  perhaps  you  noticed,  in  a  recent  magazine,  a  long 
article  on  "The  Plunderers  of  Washington."  There  were  a  dozen  or  more 
of  them,  and  I  am  glad  to  say  to  you  Unit  there  was  not  among  these 
plunderers  who  were  pictured  in  this  article,  any  Washington  member  of 
the  Indiana  Academy.  We  all  escaped  that  distinction  at  least!  I  think 
I  can  also  say  that  no  member  of  the  Indiana  Academy  in  Washington  has 
been  seriously  involved  in  the  Oook-Peary  controversy.  We  have  kept 
clear  of  that,  also.  If  there  is  anything  the  Indlanian  learned  long  ago.  it 
is  to  take  care  of  himself  and  not  to  get  into  embarrassing  situations  need- 
lessly. So  in  this  case  the  members  of  the  Indiana  Academy  have  read  the 
very  interesting  article  by  George  Kennan  In  the  Outlook  which  proved 
very  conclusively  that  Dr.  Cook  did  not  have  more  than  one-tenth  of  the 
pemmlcan  necessary  to  enable  him  and  his  dogs  to  reach  the  North  Pole. 
They  took  that  for  what  it  was  worth,  and  waited  for  something  fortfaef. 
Then  in  another  magazine  some  man  from  the  West  had  the  whole  thinj; 
figured  out,  showing  that  Kennan  had  C-ook's  dogs  continuing  to  eat 
pemmlcan  at  the  rate  of  a  pound  a  day  even  after  tliey  were  dead  and  the 
Indiana  Academy  i>eople  In  Washington  hoi)e  Kennan  may  be  able  to  ex- 
plain why  and  how  they  did  such  an  unusual  thing. 

Several  of  your  friends  in  Washington  are  engaged  in  very  interesting 
work  which  has  an  important  bearing  upon  matters  in  this  State.  Onr 
good  friend,  Dr.  Wiley,  the  most  distinguished  Washington  memlier  fiom 
this  State,  is  still  continuing  his  jmre  UkhI  work  and  trying  to  answer  the 
question  "What  is  wliisky?"  Dr.  Hay.  a  fonuer  President  of  the  Aoadeffly. 
and  now  in  Washington,  is  trying  to  determine,  no  doubt  for  the  benefit  <rf 
the  Academy,  the  age  of  the  Cera  tops  beds  in  Wyoming.  Idaho  and  Moo- 
tana. 

One  matter  that  I  think  will  be  of  some  interest  to  you  here  in  the 
Mississippi  Valley,  is  that  the  Bureau  of  Fisheries  is  establishing  a  bio- 
logical station  at  FainK)rt,  Iowa,  in  the  interest  of  pearls  and  the  p»rf 
button  industry,  a  matter  which  will  apiKjal  to  the  ladies.  There  waa  es- 
tablished some  few  years  ago  a  small  buttcm  factory  at  Davenport   A 
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German  came  over  and  saw  tlie  great  numbers  of  mussels  in  the  Mis- 
sissippi River,  and  thought  they  might  make  good  buttons.  He  began  ex- 
perimenting and  soon  demonstrated  that  they  were  well  adapted  to  this 
puri>ose,  and  now  more  than  fifty  thousand  tons  of  tliese  fresh-water  mus- 
sels are  used  annually.  Tliis  is  a  greater  quantity  than  natural  produce 
tion  can  supply.  The  supply,  of  course,  cannot  keep  up.  Fifty  thousand 
tons  a  yejir  will  soon  use  up  the  supply.  The  Bureau  of  Fisheries  realized 
the  possibility  of  an  early  depletion  of  the  supply  of  shells  and  arranged 
with  Professors  rx>fevre  and  Curtis  of  tlie  University  of  Missouri  to  ex- 
periment and  see  if  they  could  not  develop  a  method  for  the  artificial  prop- 
agsition  of  fresh-water  mussels;  and  they  have  succeeded,  so  that  the 
propagation  of  fresh-water  mussels  will  soon  be  an  easy  jiroiwsitlon.  Con- 
gress made  an  appropriation  for  a  biological  station  in  which  these  experi- 
ments may  be  carrie<l  forwanl.  We  have  actpiired  sixty-five  acres  of  land 
at  FairiMirt,  and  the  construction  work  is  now  going  on  at  that  place.  It 
is  the  ambition  of  those  who  are  i)articularly  interested  in  that  station  to 
see  there  a  station  which  will  api^eal  to  every  biologist  in  the  Mississippi 
basin.  We  want  to  make  it  a  fresh-water  biological  station  where  any  bi- 
ologist of  the  Mississipi)i  Valley  or  elsewhere  may  go  and  find  the  facili- 
ties and  material  for  the  study  of  any  fresh-water  biological  problem  in 
which  he  is  interested ;  and  the  Bureau  of  Fisheries  not  only  hopes  you 
may  avail  yourselves  of  the  advantage  of  the  station  when  completed  but 
most  cordially  invites  you  to  do  so. 

Again  on  behalf  of  the  AYashingt(m  contingent  I  extend  greetings  to 
the  Indiana  Academy  of  Science.     I  thank  you. 

Pbofessob  Dennis:     I  hope  you  will  permit  me  to  take  another  min- 
ute.    Reference  has  been  made  again  and  again  to  the  large  number  of 
splendid  men  who  have  gone  out  from  this  Academy.     It  would  be  equally 
proper  to  refer  to  the  large  numl>er  of  valuable  men  who  have  come  into 
the  Academy.    Reference  was  made  this  morning  by  Mr.  William  Watson 
Woollen  to  the  fact  that  the  Audubon  Swiety  was  an  offsjiring  of  this  Aca- 
demy.   I  am  sure  the  mother  of  that  S(x*iety  was  nwossity.  and  the  father 
of  that  Soi'lety  as  well  as  of  this  was  Amos  Butler.     I  ask  now  that  the 
Academy  stand,  and  drink  the  health,  in  cold  water,  of  Amos  Butler,  the 
father  of  the  Indiana  Academy  of  Science.     (Ai)plause.) 
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MINUTES  OF  THE  TWENTY-FIFTH 
ANNUAL  MEETING 

diana  Academy  of  Science 

CLAYPOOL    IKrrEL,    INDIANAPOLIS,    INDIANA. 

Nov.  25,  20,  27.  1909. 


Friday  Morning,  Novetnber  20\   1909. 

eeting  called  to  order  by  the  President.  Dr.  A.  L.  Foley. 

ending  of  the  minutes  dispensed  with. 

R.  Foley:  We  will  now  have  Aie  minutes  of  the  Executive  session 
t  evening. 

ssiSTANT  Secretaby  Bigney  I  The  Indiana  Academy  of  Science 
1  the  Claypool  Hotel  at  four  p.  m.,  November  25th.  Eleven  members 
jresent  and  several  visiting  members  of  the  Academy, 
embers  present  were:  A.  L.  Foley,  l*resident;  J.  H.  Ransom,  Secre- 
-A.  J.  Bigney,  Assistant  Secretary;  Robert  Hassler;  John  S.  Wright; 
1..  Mees;  W.  S.  Blatchley;  M.  B.  Thomas;  G.  II.  Eigenmaun;  A.  W. 
r;  D.  S.  Jordan. 

.  L.  Foley,  President  of  the  Academy,  In  the  chair. 

he  report  of  the  Committee  on  the  2r)th  meeting,  by  A.  W.  Butler,  as 
t\  on  program,  with  several  additional  papers,  was  read. 

,  W.  Benton.  J.  S.  Wright  and  J.  W.  Woodhams  reportetl  that  all 
for  the  l>an(iuet  had  been  made. 

Cembershlp  Committee  nmde  no  report.  Rpi)ort  of  State  library 
ilttee  was  made  ivy  .1.  S.  Wright.  lie  stat<Ml  that  tlie  ProctHMlinga  of 
cademy  were  being  cared  i'ov  In  goo<l  order  and  that  many  volumes 
>«en  bound. 

lo  report  from  Committee  on  Weeils  and  Diseases. 

^o  rejxjrt  from  Direct(»rs  of  Biological  Survey. 


74 

No  report  from  Comniittoe  on  Relations  to  rue  State. 

Committee  on  Distribution  of  Proceedings  reported  througli  J.  S. 
Wrigiit.     All  work  had  been  performed. 

Editorial  Conmiittee,  by  H.  L.  Bruner,  rei>orted  work  done  as  ordered. 

ReiK>rt  of  Secretary  on  non-resident  list  was  taken  up.  On  motion 
it  was  decided  to  place  only  those  members  on  the  non-resident  list  who 
had  done  work  of  marke<l  credit  to  the  Academy.  The  list  was  passed 
on  by  the  Executive  Committee. 

Deaths  of  Dr.  (iray  and  W.  II.  Uagan  reported.  Onumittee  on  Reso- 
lutions apiwinteil.  consisting  of  C.  L.  Mee.s,  A.  W.  Butler  and  (».  W.  Benton. 

Bills  of  expen.se  were  n^ported  by  A.  W.  Butler.  They  were  referred 
to  Auditing  Connnittee. 

Foreign  Exchange  list  orderwl  to  l>e  revised  and  printeil  in  next  re- 
IMirt. 

Summer  meeting  to  be  passed  on  tomorrow. 

Committee  on  Fellows  also  to  Cfflisider  a  list  of  Honorary  Fellows. 

It  was  vote<l  to  place  ^25.(X)  at  the  disi)08al  of  the  Secretiiry  for  hi* 
official  duties. 

Resolution  from  California  Academy  of  Science  read. 

Dr.  Jordan  extended  greeting  from  the  California  Academy  of  Science, 
and  thanks  for  books. 

Committee  of  two  on  Fellows  was  ordered  to  he  api>ointed  by  Academy. 

Motion  that  the  chairmen  of  Conmiittees  be  retained,  committees  to 
be  filled  by  chairmen. 

Auditing,  Membership,  Program  and  Nominating  Committees  not  to 
be  covered  by  previous  motion. 

On  motion  O.  W.  Benton  was  chosen  as  another  Assistant  Secretary- 
Adjourned. 

J.  H.  RANSOM,  Secretary. 
A.  J.  BICNEY,  Assistant  Se<Tetary. 

(Rei)ort  adopted  as  read.) 

Dr.  Foley  :  I  will  now  call  on  Mr.  A.  W.  Butler  to  make  a  statemeB^ 
in  regard  to  this  meeting  of  the  Academy. 

Mr.  a.  W.  Bi'tlek:  Mr.  Chairman,  and  Members  of  the  Academy- 
The  program  as  printed,  and  which  I  supixise  the  moRt  of  you  hare  to 
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your  hands,  has  on  It  a  list  of  sixty-three  puiiers.  There  are  six  additional 
papers  which  have  been  added.  One  of  these,  a  paper  by  Prof.  M.  B. 
Thomas,  was  omitted  from  the  original  list.  The  additions  are  as  fol- 
lows : 

**The  Wood  I^t,"  M.  B.  Thomas. 

**The  Nasal  Muscles  of  Vertebrates,"  II.  L.  Bruner. 

"Streamers  that  Show   Reversal   of  Cun-ature  in  the  Corona  of 

imir  J.  A.  Miller. 
•*On  a  New  Complex  Copper  Cyanogen  Compound."  A.  K.  Middle- 
ton. 
"Determination    of    Endothermic    Gases   by    Combustion,"    A.    R. 

Middleton. 
"That  Erroneous  Hiawatha,"  A.  B.  Reagan. 

This  brings  the  number  of  papers  up  to  sixty-nine. 

At  tlie  conclusion  of  the  business  of  the  meeting  there  will  be  re- 
Hi>onses  from  other  State  societies,  some  six  or  eight  In  number. 

The  program  as  printed  Indicates  a  banquet  this  evening,  to  which 
attention  has  been  called,  and  the  program  for  which  will  be  announced 
later. 

The  program  for  tomorrow  morning  is  also  printed  here,  including 
four  principal  addresses,  and  suggestions  as  to  plans  for  the  Academy. 

I  want  to  say  in  behalf  of  t!ie  Committee  on  the  Twenty-fifth  Anni- 
versary that  we  have  I)een  very  much  gratified  by  the  interest  that  has 
been  taken  by  the  educational  and  scientific  societies  throughout  the  State. 
The  Indiana  Medical  Assix-iation,  the  Historical  Society,  the  Teachers'  As- 
sociation, and  a  number  of  other  associations  have  by  formal  resolution 
recognized  this  twenty-fifth  meeting,  and  several  of  them  have  appointed 
delegates  to  attend  the  meeting. 

I  would  als«>  like  to  call  attention  to  the  fact  that  we  have  had  a 
very  large  number  of  congratulatory  letters  on  the  period  we  have  ar- 
rived at  in  the  history  of  this  Society,  and  there  are  three  I  would  like  to 
call  attention  to.  One  is  from  one  of  the  ex-Presidents  whom  we  always 
delighted  to  honor.  Mr.  T.  C.  Mendenhall.  He  is  at  present  in  Europe  in 
search  of  health,  and  as  he  cannot  be  present,  sends  his  congratulations. 
Also  a  letter  from  Professor  Goss.  of  the  University  of  Illinois,  who  had 
expected  to  be  present  until  he  found  that  tliis  date  is  the  same  as  that 
of  the  dedicati(m  of  their  new  Physics  building,  so  he  could  not  come. 
Also  one  from  Prof.  Kingsley,  of  Tufts  College,  Mass.  These  three  letters 
are  particularly  earnest  and  cordial  in  their  words  of  greeting. 
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We  hope  you  will  ttud  everything  arrangeil  for  your  comfort  and  con- 
venience, and  beg  to  as!«ure  you  that  if  anything  has  been  overlooked  or 
if  there  is  anything  you  do  not  like  in  connection  with  tlie  arrangements, 
we  are  sorry  that  such  is  the  case.  The  Committee  tried  to  do  its  best. 
(Applause.) 

Dr.  Foley  :  I  will  now  call  for  reports  from  the  different  standing 
conmiittees. 

Program  Ccmimittee,  Mr.  W.  J.  Moenkhaus,  chairman:  (This  report 
included  in  the  statement  of  Mr.  Butler.) 

Membership  Committee : 

(Moved  and  8ecH>nded  that  the  };$ecretai"y  cast  the  ballot  of  the  Academy 
for  the  names  read.  Can-ied.  and  perscms  declared  members  upon  sign- 
ing of  tlie  Constitution  and  payment  of  dues.) 

Treasurer's  report,  Mr.  W.  A.  McHeth,  Treasurer: 

To  the  Indiana  Academy  of  Scien<*e: 

On    hands,    last   reiM>rt fJ24  ;«) 

Iteceived  dues  and  fees  for  1001> 95  50 

$519  89 

Exi)ended  as  i)er  receipts  and  vouchers 118  67 

Ralance  on  hand  $401  22 

The  papers  and  vouchers  are  residy  for  the  Auditing  Conmiittee. 

W.  A.  McBETH,  Treasurer. 

State  Library  Committee,  J.  S.  Wright  chairman:  (PostiK>ned  until 
later,  wlien  State  Librarian  Brown  will  make  the  report) 

Committee  on  Restrict lim  of  Weeds  and  Diseases:     No  report. 

Dlrei'tors  of  Bioligical  Survey:     No  report 

Relations  of  Academy  to  the  State :    No  report. 

Distributions  of  Proceedings.  J.  S.  Wright,  chairman: 

Mr.  Wright:  There  is  no  siK>cial  report  to  make.  The  Committee 
has  the  work  in  hand.  Wc  are  now  engaged  in  compiling  a  domestic  ex- 
change list. 

C^mimlttee  on  Ele<*tion  of  Fellows:     Passed. 

Report  of  Advertising  ('ommittee:  (Included  in  statement  of  Mr. 
Butler.) 
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Report  of  Bklitor : 

Mb.  II.  L.  Brunrb:  The  Proceedings  for  V,K)S  wiTe  published  lu  the 
usual  form.  Each  contributing  author  also  received  one  iiundred  free  re- 
prints of  his  own  article.  (No  reprints  of  abstracts  were  furnished.)  The 
financial  part  of  my  report  is  as  follows: 

Balance  in  State  Treasury   from    11X>8 ^*2U  J)8 

Appropriation  for  fiscal  year  1009* (XX)  00 

Total    $844  98 

Ck)8t  of  Proceedings  for  1908    $438  74 

Cost  of  reprints  for  1908   85  (>S 

Total    524  41> 

Balance  availjil)le  for  fiscal  year  191<» $:{20  5<; 

Appropriation  for  fiscal  ye:ir  1910 1,2(K)  00 

Tot4il   available  for  printing   the  PrcK'eeiiings  of 

1909    $1,520  50 

I  wish  to  call  the  attention  of  the  members  of  the  Academy  to  one  or 
two  matters.  First  in  regard  to  the  editorial  statement  on  the  program. 
We  desire  that  pai)ers  be  in  the  hands  of  the  editor  or  secretary  as  early 
as  possible,  in  order  that  the  Proceedings  may  be  gotten  out  more  promptly 
than  last  year.  Reprints  will  be  furnishefl  of  all  pai)ers  prlnte^l,  excepting 
abstracts,  and  these  may  be  fumislied,  if  re<iuest  is  made.  These  re- 
prints are  paid  for  by  the  State  Printing  Board. 

I  desire  to  ask  for  suggestions  as  to  changing  the  style  of  binding  and 
improving  the  quality  of  tlie  paper  for  the  coming  year. 

I  would  also  ask  that  eadi  one  sending  a  pai)er  for  publication  should 
give  his  address  on  the  pai>er,  so  prwjf  can  Ih?  sent  and  the  reprints 
mailed.  This  is  a  very  important  thing  and  I  hope  it  will  not  be  over- 
looked. 

Dr.  Foley  :     Does  anyone  have  any  suggestions  to  make? 

Mr.  J.  S.  Wright:  I  am  sorry  to  occupy  so  much  time  on  the  floor 
this  morning,  but  I  feel  there  is  one  thing  that  should  be  recognized,  and 
that  is  the  fact  of  the  service  rendered  the  Indiana  Academy  of  Science 
by  the  past  President.  Mr.  (Jlonn  Culhertson.  wlio  succeeded  in  doubling 
the  amount  of  mmiey  available  for  publishing.     We  now  have  $1,200  i)er 

*The  flscAl  year  1900  b^sran  Oct  1. 1906.  and  closed  Sept.  30. 1909. 
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year,  ns  jiKsiiiist  $<)(H)  In^fore  Mr.  C-iill)erts()n  took  tliis  in  Imud.     I  think 
this  Academy  owes  him  a  debt  of  gratitude.     (Applause.) 

Db.  Foley  :  I  wish  to  second  what  Mr.  Wright  has  sjiid.  I  also  wish 
to  point  out  another  fact,  that  formerly  any  money  left  reverted  to  the 
State,  while  now  it  can  l)e  carried  over  until  the  next  year. 

Are  there  any  other  suggestions? 

Mb.  M.  B.  Thomas  :  It  seems  to  me  it  would  be  l>est  to  improve  the 
quality  of  the  paper  and  printing,  and  possibly  of  the  illustrations,  but  that 
this  matter  should  be  left  to  the  Coumiittee  on  Printing,  of  which  Prof. 
Bruner  is  the  chairman. 

(Taken  by  consent.) 

Mb.  Wbigut:     I  move  that  the  Academy  extend  a  vote  of  thanks  to 
Mr.  Culbertson  for  his  unusual  senice. 
(Seconded  and  carried.) 

Uei)ort  of  Resolutions  Committee :     No  rei)ort  at  this  t!ime. 

Mb.  G.  W.  Benton:  I  would  like  to  suggest  that  the  Academy  is 
under  obligations  to  the  press  of  the  city  for  courtesies  extended,  in  giv- 
ing us  colunni  after  column  of  si^ace  for  advertising  this  meeting.  We 
have  been  unusually  privileged  in  this  regard,  and  I  think  it  is  proper  and 
courteous  that  we  should  re<*ognize  it  in  some  definite  way.  Therefore  I 
move  that  we  extend  a  vote  of  thanks  to  the  pr€*ss  of  the  city  for  coarte- 
sies  extended  to  the  Acjidemy  in  announcing  this  Anuivei*8ary  meeting. 

(Seconded  and  nirried.) 

Db.  Stanley  Coitlti-:b.  (for  the  Membership  Cimimlttee)  :  It  seem* 
to  me  it  would  be  remarkably  i)leasant  if  we  could  mark  tills  twenty-fifth 
anniversfiry  by  a  large  increase  in  memlnn'ship.  and  if  you  will  see  that 
applications  are  in  the  hands  (»f  the  cimimittee  some  time  during  the  fore- 
noon, we  will  rei)ort  on  them  at  the  afterncKMi  session,  so  the  neophytes 
will  have  the  feeling  that  they  are  full-fledged  members. 

After  an  anouncement  by  the  'l>easurer  in  regard  to  payment  of  dues: 
and  another  by  Mr.  Benton  regarding  the  banquet  tickets,  etc..  Dr.  Foley 
called  on  Mr.  1).  C.  Brown,  the  State  librarian,  to  report  in  regard  to  the 
Academy  and  its  relati(»n  to  the  State  library. 

Pbof.  D.  C.  Bbown  :  I  am  n(»t  a  member  of  the  Academy  of  Science, 
but  as  State  Librarian  I  made  an  agreement  with  the  Academy  of  Science 
by  which  the  State  Librarian  is  to  classify,  catalog  and  shelve  the  doco- 
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nients  and  reports  belonging  to  tlie  Academy,  making  them  subject  to  re- 
moval by  any  memt)ers  of  tlie  Academy,  and  subje<'t  to  reference  by  the 
public.  I  am  very  greatly  interested  in  having  the  State  Library  the 
center  for  reference  of  the  entire  State  on  every  subje<*t,  and  by  tlie  agree- 
ment nmde  with  the  committee  of  your  Academy  two  years  ago  this  work 
has  been  begun  aiid  is  progressing  fairly  well. 

The  agretmient  was  that  the  catalog  department  of  the  State  Library 
sliould.  as  fast  as  iMissible  and  as  fast  as  funds  would  allow,  i)roceed  witli 
this  work.  I'p  to  the  present  time  we  have  classitied,  cataloged,  and 
made  analytical  catalogs  of  148  volumes  of  domestic  reports  and  90  for- 
eign reports,  making  a  total  of  231)  volumes.  These  have  all  been  bound, 
and  there  are  alK)ut  one  hundred  volumes  at  present  ready  to  go  to  the 
bindery,  some  foreign  and  some  domestic.  These  volumes  are  systemat- 
ically cataloged  and  at  the  prt^sent  time  I  have  had  them  all  bound  alike 
in  good  buckram,  with  a  certain  kind  of  label  on  the  l)ack,  with  "Academy 
of  Science"  at  the  to])  and  the  library  call  number  at  the  bottom.  Inside, 
a  label  showing  to  whom  the  \nH>k  l)elongs,  and  that  it  can  be  b(»rroweil 
only  by  the  memliers.  but  used  for  reference  by  tlie  general  pul)lic.  I  am 
not  tpiite  sure  tliat  it  is  advisable  to  bind  all  these  bxiks  in  exactly  the 
same  way.  Imt  it  makes  them  easily  understoo<l  when  on  the  shelves. 
Members  csui  tell  instantly  that  that  book  belongs  to  the  Academy  of 
Science.  A  separate  card  list  is  also  made  in  i>encil  and  ink,  and  easily 
accessible  at  any  moment. 

I  fancy  you  all  understand  that  the  binding  is  paid  for  by  the  library, 
with  tlie  understanding  that  if  the  Academy  ever  withdniws  the  books  it 
must  pay  that  amount,  so  the  bills  for  binding  are  kept  separate,  and  the 
public  has  the  use  of  the  books.  The  Academy  would  also  have  the  right 
to  have  the  cards  that  are  made  showing  the  books  jiroperly  cataloged. 
Whether  that  will  ever  come,  I  do  not  know. 

I  am  struggling  as  best  I  can  for  a  State  Library  and  Historical 
Museum,  in  which  all  the  valuable  records  and  scientific  reixirts  of  the 
State  can  be  kept,  and  in  making  the  argmnent  for  tbat  I  have  said  that 
the  Academy  of  Science  would  lielp. 

I  do  not  know  that  I  can  make  any  further  .statement  about  it,  only  to 
have  it  known  to  you  that  the  reports  are  cataloge<l  now  about  as  fast  as 
they  come  in.  I  have  one  request  to  makf — that  we  may  have  a  definite 
and  correct  list  of  your  foreign  exchanges,  your  domestic  exchanges,  and 
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your  membership.  I  have  had  considerable  trouble  about  that,  but  liave 
worlve<i  it  out  fairly  well  so  far.  The  foreign  exchanges  are  made  tbroagfa 
the  Smithsonian  Institute  at  Washington.  The  files  of  the  reports  «ent  to 
members  are  paid  for  liy  the  Academy.  The  library  pays  for  the  others, 
and  through  the  library  they  are  distributed. 

I  am  very  anxious  that  the  ineml)ers  ctmie  to  tlie  library,  as  their 
coming  there  to  use  these  reiM)rts  will  make  it  known  to  the  public  that 
the  reports  are  there  and  can  be  used. 

I  believe  I  have  nothing  further  of  interest,  but  I  am  very  anxious  to 
see  you  in  the  library.     (Applause.) 

Dr.  Foley  :  I  am  sure  I  voice  the  sentiments  of  the  Academy  when 
I  thank  our  Librarian  for  the  efforts  he  has  put  forth  in  getting  the 
Academy  library  in  go<Kl  shape,  available  for  use. 

The  program  calls  for  greetings  from  the  various  other  scientific  so- 
cieties after  the  addresses  of  the  morning.  I  am  infonned,  however, 
that  Mr.  Brossmann,  representing  the  Indiana  Engineering  Society,  is  here 
and  cannot  remain,  therefore  1  will  call  upon  Mr.  fSrossmann  at  the  prewent 
time. 

Mr.  Brossmann's  address  will  Lie  found  in  full  on  page  44. 

Dr.  Foley:  I  migiit  ask  if  tliere  are  ahy  other  represwitatives  of 
scH»ieties  here  that  caimot  remain  during  the  i^eriod.  If  so,  we  will  have 
the  greeting  at  this  time. 

Thei*e  is  just  one  other  point  that  might  be  taken  ui>  at  this  time, 
and  tijat  is  tlie  (jucbtion  of  a  sunnner  meeting.  The  question  was  men- 
tioned at  the  Executive  (.'onnuittee  mc»eting  last  evening,  but  was  not 
settled.  Are  there  any  suggestions  as  to  whether  we  shall  or  shall  not  have 
a  summer  meeting?  I  think  the  Program  Committee  would  like  to  have 
an  expression  from  the  Academy.  It  doe*  not  wish  to  announce  a  meet- 
ing unless  somebody  nuH»ts.  On  the  other  hand,  it  does  not  wish  to  dis^ 
rontinue  this  meeting  if  it  is  the  desire  of  any  ctmsideralde  number  of 
members  to  (•(mtinuc  tliein.     Wliat  is  the  wisli  of  the  Academy? 

If  no  one  has  any  snggestit)ns,  I  will  mil  on  Dr.  S.  R.  Ean^  who  fears 
he  may  not  be  able  to  renjain  during  the  entire  morning,  to  respond  for 
the  Indiana  Medical  Society. 

Dr.  Kari^s  remarks  will  Ik*  ftanid  in  full  on  page  40. 

(Mr.  I*.  X.  Evans,  Vi(c-l*resident.  in  the  chair.) 
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Mr.  Evans:  We  will  now  proceed  with  the  regular  order  of  busi- 
ness, and  will  hear  the  I*resident*8  Address  by  Dr.  A.  L.  Foley,  of  Bloom- 
ingtoD. 

Dr.  Foley's  address  will  be  found  on  inige  89. 

Following  the  President's  address: 

Mb.  Evans  :  Evidently  this  chair  sliould  be  occupied  by  a  physicist 
instead  of  a  chemist,  so  I  will  vacate  in  favor  of  Dr.  Foley.     (Applause.) 

Dr.  Foley  :  It  now  gives  me  great  pleasure  to  introduce  one  who 
needs  no  introduction,  Dr.  John  M.  Coulter,  of  Chicago  University,  who 
will  speak  to  us  on  "Recent  Progress  in  Botany."     (Applause.) 

Dr.  Coulter's  address  will  be  found  on  i>age  101. 

Following  Dr.  Coulter's  address: 

Dr.  Foley:  You  will  note  from  the  program  that  Dr.  Harvey  Wiley 
was  to  have  been  here  this  morning  to  address  us.  I  understand  Dr. 
Baniard  has  a  letter  from  Dr.  Wiley.  We  would  lye  glad  to  hear  from 
Dr.  Barnard. 

Dr.  II.  E.  Barnard:  Mr.  President,  I  just  this  morning  received  a 
communication  from  Dr.  Wiley,  in  which  he  said  he  was  engaged  in  the 
preparation  of  a  very  important  case -Involving  one  of  the  basic  principles 
of  the  Pure  Food  I^w.  lie  said  if  he  came  on  here  for  four  days,  he  did 
not  know  what  would  happen  to  the  case,  and  that  while  he  would  be 
with  us  in  spirit  and  thought,  it  would  be  imiwssible  for  him  to  leave  his 
work  in  Washington  to  attend  this  conventicm.  He  sends  to  you  his  best 
wishes  and  hopes  for  a  successful  meeting. 

Dr.  Foley  :  You  will  note  from  the  program  that  we  now  have  greet- 
ings from  several  associations,  s<*ientific  and  otherwise,  who  have  sent 
delegates  to  this  association  at  this  time.  I  will  call  first  for  the  Indiana 
Teacliers'  Assoclatiim,  through  its  I*resident,  Mr.  Geo.  W.  Benton. 

(Seepage  ,*«).) 

Dr.    Foley:     We    will    now    hear   from    tlie    Indiana    Branch   of   the 
American  Chemical  Society,  througli  Mr.  K.  B.  M<K>re. 
(See  pag(»  42.) 

Following  tiie  various  society  greetings  the  Academj'  adjourned  until 
2  :00  p.  m. 
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Saturday  Morning y  November  27,  1909. 
Meeting  ctilled  to  order  by  Pi-esiileiit  Foley. 

(After  asking  the  nienil)ers  who  had  not  already  done  so  to  leave  their 
names  at  the  desk,  so  that  a  complete  list  of  those  in  attendance  at  this 
meeting  might  be  obtained,  Dr.  Foley  called  for  the  rejiort  of  the  Commit- 
tee on  Resolutions,  Mr.  C'.  L.  Mees,  chairman.) 

For  this  reiK>rt  set*  page  24. 

(Moved  and  <*arried  that  the  report  l)e  adoi)te<l.) 

Db,  Foley:  It  seems  to  me  that  the  Academy  is  under  great  obliga- 
tions to  the  Program  Conuuittee,  esi)ecially  to  Mr.  Butler,  and  I  think  a 
vote  of  thanks  to  this  conunittec  would  l)e  in  order. 

(Moved  and  carricnl  that  a  vote  of  thanks  l>e  extended  to  the  Program 
('onunittee.  esiKK-ially  Mr.  Hutler,  for  the  great  amount  of  work  that  ha? 
been  put  on  the  program.) 

BKPORT  OF  NOMINATINO   COMMITTKE. 

President,  P.  N.  Evans.  Lafayette. 
Vice-President.  CMias.  U.  Dryer,  Terre  Haute. 
Secretary,  George  W.  Benton.  Indianai)olis. 
Assistant  Secretary,  A.  J.  Bigney,  M<M>rcs  Hill. 
Treasurer,  W.  J.  Moenkhaus,  Bloomington. 
Editor,  H.  L.  Bruner,  Indianapolis. 

(Moved  and  carrieil  that  the  report  be  accepted  and  that  tlie  Secretary 
cast  the  ballot  of  the  Academy  for  these  oflfcers.) 

BEPORT   OF   AUDITING    COMMITTEE. 

We  have  gone  over  the  vouchers  of  the  Treasurer,  the  Program  Coo** 

mittee.  and  the  Editor's  ReiM)rt,  and  find  the  sums  have  been  done  co^ 

rectly. 

W.  J.  MOENKHAUS.  Ohainnan. 

(Moved  and  carried  that  the  reimrt  l)e  adopted.) 

REPORT    OF    COMMITPEE    ON     MEMBERSHIP. 

Thirty-flve  additional  names  rei>orteil. 

Applicjuits  for  MemlK>rsbip  ele<*t(Ml  by  vote  of  Academy,  1900. 

Thomas    Billings    West  I^fayette. 

Earl  (Jrimes    Russellville. 
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Earl  Rouse  Glenn   Brookviile. 

A.  A.  Bourke  Edfnburg. 

Geo.  Hall  Ashley  Indianapolis. 

James  Persons  Dinionds Washington,  D.  C. 

Guido   Bell    IndianaiK)lis. 

Florence  Anna  Gates  Wabash. 

Oscar  William  Silvey Bioomington. 

James  E.  Weyant  Indianaiwlis. 

John  W.  Woodhams  Indianapolis. 

Melvin  Knolen  Davis Terre  Ilaute. 

E.  Kate  Carman   Indianaix)lis. 

Paul  Anderson   Crawfordsville. 

Howard  J.  Banker   Greencastle. 

Charles  Alexander  Valla m   Indianai)olis. 

Thad.  S.  Mcculloch    Crawfordsville. 

Frank  Karlston  Mowrer   Marion. 

E.  M.   Deem    Frankfort. 

Milo   H.   Stuart    Indianapolis. 

Charles  Uuby  Moore   West  Lafayette. 

L.  R.  Ilesler  Crawfordsville. 

Martha  Hunt   Indianapolis. 

Brenton  L.  Steele   Bioomington. 

Alfred  Theodore  Wianco    Lafayette. 

Walter  W.  Ilart   Indianapolis. 

Ira  C  lYuebloiKl,  Miss Greencastle. 

Luther  Cornelius  Weeks  West  Lafayette. 

Fermen  L.  Pickett   Bioomington. 

William  Logan  Woodbum   Bioomington. 

Roscoe  Raymond  Hyde  Terre  Ilaute. 

Chas.  M.  Cunningham.  Dr Indianai>olis. 

Mason  L.  Weems  Valparaiso. 

Edward  N.  Canis Indianapolis. 

G.  A.  Osner  Crawfords^'ille. 

Frederick  W.  Gottlieb  Morristown. 

Geo.  T.  Moore   St.  r»uis. 

Samuel  E.  Earp  Indianapolis. 

J.   H.   Clark    

I-.eslie  C.  Nanney    Bedford. 

Everett  W.  Owen    Indianapolis. 

Geo.   Spitzer    West  I^fayette. 

(ieo.  N.  Hoffer  West  Lafayette. 

Julius  Wm.   Sturmer   West  Lafayette. 

Virges  Wheeler    Montmorenci. 

Harry  F.  Dietz   Indianaix>lis. 

Chas.  Brossman  Indianapolis. 


84 

A.  D.  Thornbam  *..».*.... » .  liidiaiiai>oH». 

Ubag.  Btiltz,  M.  D * ; . . . .  SoUth  Bend. 

Jacob  i\  YoUng  .;...;.;.....; tluiltiugtoih 

J.  M.  Vail  Hook   ..;..; ;..;...  ^ . .  felootiiiiigtoil. 

Walter  M.  ftakef  . ; « »  Red  Key. 

Wm.  Reynolds  Biltier Indianapolis. 

W.  tt.  Rankin   Ithaca.  New  York. 

Ottier  C.  Boyer  I^banon. 

W.  M.  Blanchard   Greencastle. 

(Moved  and  carried  that  the  Secretary  cast  the  ballot  of  the  Academy 
for  these  names,  and  that  the  persons  be  considered  members  after  paying 
fees  and  signing  the  Constitution.) 

Dr.  FoLfcYt  1  siiould  like  to  bring  Up  a  matter  at  this  time  >vlilch 
was  broitght  ilp  yesterday,  but  we  «mid  not  get  an  expression  from  tlie 
Academy.  That  is,  in  regard  to  tlie  Summer  meetings.  Does  this  Academy 
want  a  Summer  meeting?  I  tliink  tlie  I*mgram  Committee  would  like  to 
have  an  expression  from  the  members. 

Dr.  Stanley  Coulter:  1  want  to  say  that  in  twenty-five  years'  mem- 
bership I  have  found  that  the  Summer  meeting  is  e<iuivalent  to  about  three 
Winter  meetings  in  the  way  of  uplift  and  encouragement.  Of  course,  one 
of  the  objections  is  that  a  rwkI  many  members — mathematicians,  chemists 
and  physicists — would  not  be  specially  interested  in  these  Summer  meet- 
ings. I  would  very  much  regret  to  see  the  Sununer  meeting  abolisbed. 
If,  however,  it  does  not  seem  feasible,  I  presume  it  might  be  dropi>ed.  1 
move  that  tlie  Program  Committee  be  instructed  to  proceed  witli  plans  for 
the  Summer  meeting,  and  if  in  their  judgment  the  signs  are  not  favoraWf 
for  a  session,  they  be  authorizeil  to  droi)  it. 

W.  A.  McBktii  :  I  want  to  second  that  motion.  I  remember  with 
great  pleasure  the  Spring  meetings.  I  made  it  a  point. to  attend  them  reg- 
ularly, and  through  the  fact  that  we  had  Spring  meetings  I  have  visited 
some  very  interesting  points  in  Indiana  which  are  hard  to  get  to  unle« 
you  particularly  go  there.  The  town  of  New  Harmony  was  one  of  these 
places;  it  is  full  of  historical  asscx^iations.  We  went  to  Madison,  to  Bloom- 
ington,  to  many  of  the  caves,  and  to  various  other  points  throughout  the 
State  where  we  would  probably  not  have  gone  if  it  had  not  been  for  this 
particular  attraction.  Now,  my  own  way  of  thinking  is  that  If  we  wottM 
resolve  to  go  to  these  Spring  meetings  they  would  be  worth  two  of  the 
Winter  meetings  to  those  who  go.  I  am  heartily  in  favor  of  resuming  the 
Spring  meetings. 
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(At  the  suggestion  of  Mr.  Butler  a  standing  vote  was  talcen,  wliicli  re- 
sulted unanimously  in  favor  of  resuming  ttie  Spring  meetings.) 

Mb.  Butler:  Mr.  Chairman.  We  have  a  telegram  of  greeting  from 
the  Ohio  Academy  of  Science,  and  I  move  that  the  Secretary  be  instructed 
to  telegraph  the  greetings  of  the  Indiana  Academy  in  return. 

(Taken  by  consent) 

Mb.  Butleb:  In  reference  to  the  letter  from  Dr.  Harvey  Wiley  read 
at  the  banquet  last  night,  I  move  that  a  committee,  consisting  of  Stanley 
Coulter,  Harvey  W.  Wiley  and  C.  II.  Eigenmann  he  appointed  to  see  that 
the  suggestions  in  Dr.  Wiley's  letter  in  regard  to  obtaining  some  one  to 
firepare  a  history  of  early  science  in  Indiana,  are  carried  out. 

(Seconded.) 

J.  H.  Ransom  :     I  would  like  to  amend  that  by  adding  Mr.  A.  W.  But- 
ler's name  to  that  committee  as  a  fourth  member. 
( Se<x)nded. ) 

Stanley  Coulteb:  I  suggest  that  Mr.  Butler  he  the  first  member  in- 
stead of  the  fourth. 

Mb.  Butleb  :  I  think  the  purpoi^e  of  the  committee  is  simply  to  study 
the  situation,  and  a  smaller  committee  is  better  than  a  large  one.  The  three 
first  chosen  are  the  proi)er  members  and  would  be  able  to  do  the  work 
better  than  a  larger  committee. 

(Amendment  put  and  carried;  motion  as  amended  carried.) 

Mb.  Butleb:  I  move  that  the  Treasurer  and  Secretary  be  directed 
to  notify  all  delinquent  members  that  the  constitutional  rules  against  such 
will  be  enforced,  by  order  of  the  Academy. 

(Seconded  and  carried.) 

Mb.  Butleb:  Another  matter  I  think  should  be  acted  upon  by  the 
Academy.  The  Editor  this  year  has  not  put  in  any  bill  for  expenses,  and 
the  exi>ense  of  editing  the  Proi'eedings  will  prol>al>ly  l>e  larger  next  year, 
I  move  that  an  appropriation  of  $25  be  allowed  the  Editor  for  the  ex- 
penses of  this  year  and  the  year  ct)ming. 

(Seconded  and  carried.) 

Mb.  J.  S.  Wbioht:  In  view  of  the  fact  that  the  Academy  has  received 
many  favors  from  the  Claypool  Hotel  in  giving  us  this  room  without 
charge,  and  a  room  for  the  section  meetings,  and  other  courtesies,  I  move 
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that  we  extend  a  vote  of  thanks  to  the  management  of  the  Clay|)ool  Hotel 
for  courtesies  shown  the  Academy. 
(Seconded  and  carried.) 

Dr.  Foley  :  We  will  now  take  up  the  program  of  the  morning.  The 
first  number  Is  an  address  by  Dr.  B.  W.  Evermann,  of  the  U.  S.  Bureau  of 
Fisheries,  on  "Federal  Control  of  In  tenia  thmal  and  Interstate  Waters." 

For  Dr.  Evennann's  address  see  i>age  IIJ). 

Dr.  Folky  :  The  next  paper  is  by  I*rof.  Charles  W.  Greene,  of  the 
University  of  Missouri,  on  "The  Si)eeil  of  Migration  of  Salmon  in  the 
Columbia  River." 

An  abstract  of  Professor  Crreene's  addrt»KS  is  given  on  pa'ge  125. 

Dr.  Foley  :  The  last  paper  on  tlie  program.  "Some  Hoosler  and 
Academy  Experiences.'*  is  by  C.  A.  Waldo,  of  the  Washington  University, 
St.  Ix)uis,  but  Mr.  Waldo  is  not  here.  The  first  i>jii)er,  "Methods  and 
Materials  Used  in  Soil  Testing."  is  by  II.  A.  Huston,  of  Chicago.  Mr. 
Huston  is  not  here,  but  his  pai)er  is,  and  it  will  take  about  fifteen  minutes 
to  read  it  It  is  contrary  to  precedent  tliat  a  paper  should  be  read  by 
anyone  but  the  author.  However,  the  Acjidemy  can  change  that,  of  course, 
at  will.    W'hat  shall  we  do  with  this  i)ai>er? 

(Moved  and  carried  that  the  pai>er  be  read.) 

For  Professor  Huston's  address  see  page  111. 

Dr.  Foley  :  I  am  sure  the  members  of  the  Academy  would  like  to 
hear  from  anyone  who  has  any  suggestions  to  offer.  This  completes  the 
list  on  the  program,  Imt  we  will  l>e  glad  to  hear  from  anyone  else. 

If  yon  will  pardon  me.  I  would  like  to  make  a  suggestion  or  two,  oue 
of  wliich  was  made  to  mo  last  evening. 

Those  of  us  who  are  membei-s  of  the  American  Association  know  that 
when  we  register  there,  a  number  is  given  us  c"orresiKmding  to  the  name, 
address  and  business  of  the  member.  So  all  we  need  to  do  to  find  any 
man's  pe<ligree  is  to  refer  to  tiie  number  in  the  list,  which  is  the  registra- 
tion list.  Now,  it  seems  to  me  that  some  scheme  like  that  might  be  an  ad- 
vantage in  c<mnection  with  this  Academy,  so  that  any  member  can  find 
out  who  the  other  man  Is.  I  know  I  am  lntro<lu<»ed  to  people  a  half-dozen 
at  a  time,  wlioni  I  cannot  piai-o  nnd  name  a  few  minutt*s  nlterwards.  A  great 
many  ]»eople  I  find  are  like  to  me  In  that  resiHH't.  We  cannot  associate 
names  and  faces  after  having  l)e<»n  intrmluced  to  tlirw  or  four  persons  at 
once.    Perhaps  some  sort  of  a  scheme  might  be  adopted  to  advantage. 
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Another  thing  is  that  this  meeting  Is  tlie  largest  tliat  we  have  ever 
had  during  my  connecticm  witli  tlie  Academy,  and  the  reason  Is  evident 
We  have  had  men  of  national  repntatlon  to  address  us,  I  do  not  think 
this  large  attendance  comes  from  the  fact  that  this  is  an  anniversjiry  meet- 
ing, but  from  the  fact  that  the  program  has  l)een  made  worth  while  by 
having  men  who  will  draw  i>eople  to  the  meeting. 

You  will  note  that  the  State  is  now  doing  our  printing;  we  do  not 
have  to  pay  that  ourselves,  and  you  will  note  from  the  Treasurer's  reiK>rt 
that  we  have  some  money  and  that  we  are  going  to  get  more  money,  and 
we  have  nothing  particular  to  d(»  with  this.  Now.  it  seems  to  me  that  the 
Prngram  Committee  might  arrange  to  bring  one  or  two  speakers  here  each 
year.  si)eakers  of  national  reputation,  and  spend  some  of  this  money  for 
their  exiienses.  If  we  (!ould  have  some  such  i>rogram  as  we  have  had  this 
year  every  year,  with  men  like  Dr.  Jonlan,  and  Dr.  C<>ulter  and  Dr.  Wilej*. 
there  Is  no  question  but  what  we  would  have  a  large  attendance,  and  1 
think  our  funds  will  justify  that.     1  merely  offer  these  as  suggestions. 

II.  L.  Bri'nkb:  As  e<lltor  of  the  rro<tH?<llngs  I  would  urge  the  impor- 
tance of  getting  the  manuscripts  in  as  soon  as  i)08slble.  The  fact  that  the 
Proceedings  were  late  this  j'ear  is  due  largely  to  the  tardy  reception  of 
the  iMijK^rs  by  the  e<litor.  If  the  nieml)ers.  will  turn  over  their  papers 
l»romptly.  1  will  see  that  they  get  into  the  hands  of  the  printer  as  early  as 
possible. 

Dr.  Foley:  I  want  to  second  what  Mr.  Bruner  has  said.  I  w^as 
Eklitor  one  year. 

This  completes  the  program,  unless  the  Academy  wishes  to  take  up 
some  of  the  pai)er8  which  are  dei)artmental.    What  is  your  will? 

(Motion  to  adjourn.) 
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[president's  addkess.l 
Recent  Developments  in  Physical  Science. 

[Publication  No.  34.] 


By  Abthitb  L.  Foley. 


On  tliis — the  tweiity-flftli — l»irtli(lay  of  tlic*  Indiana  Academy  of  Science, 
it  is  rai»et  that  we  survey  the  projrrens  made  and  talie  an  inventory  of 
stwk  on  hand.     Where  were  weV    Where  are  we? 

Compjiring  physical  science  of  tcnlay  with  physical  science  of  twenty- 
five  years  aj^o,  I  am  forced  to  the  ("onclusion  that  there  has  been  a  revo- 
lution. 

In  the  first  place  there  has  lx»eu  a  revolution  in  the  methods  of  teach- 
injr  science.  I  would  remind  you  that  the  physics  laboratory  of  the  Uni- 
versity of  Berlin  w^as  founded  in  18<>j.  the  Cavendish  laboratory  of  Cam- 
bridge in  1874.  lAl871  Professor  Trowbridge,  of  Harvard,  was  obliged 
to  borrow  some  electrical  measuring  instruments,  as  the  university  had  none 
of  its  own.  It  is  not  surprising,  then,  that  a  few  years  later — at  the  time 
the  Indiana  Academy  of  Science  was  founded — there  were  in  the  I^nited 
States  very  few  physics  laboratories  worthy  of  the  name.  Physics  teach- 
ing in  college  and  high  school  was  chiefly  from  the  text-book.  Today  a 
c*ollege  which  would  offer  work  in  physics  without  a  laboratory  would  be 
considered  a  joke;  and  in  order  to  be  commissioned,  a  high  school  must 
have  a  certain  minimum  of  laboratory  equipment  and  the  physics  teacher 
must  devote  a  part  of  his  time  to  laboratory  instruction. 

In  the  second  place  there  has  been  a  complete  change  in  the  attitude 
of  men  of  affairs  toward  the  physics  professor  and  his  students.  No  longer 
do  they  consider  us  theoretical,  and  therefore  impractical.  No  longer  do 
they  look  with  distrust  or  contempt  on  laboratory  methods  and  data.  No 
longer  do  they  hold  that  ai)prenticeship  and  experience  are  sufficient  for 
their  needs.  Today  the  large  industrial  concerns  are  establishing  labora- 
tories of  their  own  and  employing  in  them  the  lM»st  trained  men  they  can 
command. 

In  the  third  ])lace,  there  has  been  a  revolution  in  some  of  our  physical 
theories.     By  the  term  revolution  I  do  not  mean  a  destructive  upheaval 
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in  which  the  work  of  the  past  has  beeu  repudiated  and  destroyed  and  a 
new  order  of  things  estal)lished.  I  mean  that  some  of  our  ideas  have 
undergone  suoli  a  comi)Ieto  and  rapid  change  that  what  some  might  term 
an  evolution  is  really  a  revolution.  Indeed,  we  have  had  two  revolutionary 
periods  within  the  life  of  this  Academy. 

The  first  came  in  1887  with  the  epoch-making  researches  of  Heinrich 
Hertz.  Faraday  liad  given  us  his  theor>'  of  lines  of  force  and  the  mathe- 
maticians had  attacked  it.  Young  and  Fresnel  had  given  us  the  undu- 
latory  theory  of  light  and  F.aplace  and  Poisson  had  "befuddled  us  with 
their  oljjections."  Ami>ere  had  given  a  theory  of  magnetism,  but  Poisson 
and  Weber  had  given  two  others.  To  explain  an  electric  charge  we  could 
resort  to  tlie  one-fluid  theory,  the  two-fluid  theory,  the  potential  theory, 
the  energy  theory,  the  ether-strain  theory.  Maxwell  had  written  a  treatise 
on  electricity  which  few  could  read  and  no  one  could  fully  understand.  A 
distinguished  French  physicist  .said  he  underst<x)d  everything  in  Maxwell's 
hook  except  what  was  meant  by  a  bmly  charged  with  electricity.  Max- 
well had  given  us  but  a  vague  idea  of  (Mectric  displacements  and  displace- 
ment currents,  because  his  ideas  were  iMmnd  up  in  eiiuations  without  ex- 
perimental verification,  or  even  illustration. 

Then  came  Hertz's  researches,  which  confirmed  the  fundamental  hy- 
potheses of  the  Faraday-Maxwell  theory  and  "annexed  to  the  domain  of 
electricity  the  territory  of  light  i'ud  radiant  heat."  '"Many  thinkers,"  said 
Lord  Kelvin,  "have  helpe<l  to  build  ni)  the  nineteenth  century  school  of 
pJcnuni,  one  ether  for  light,  heat,  ele<'tricity  and  magnetism;  and  Hertx'8 
electrical  pai)er8,  given  to  the  world  in  the  last  decade  of  the  century,  will 
be  a  permanent  monument  of  the  splendid  consummation  now  realized.'* 
SouH*  one  has  said  that  Hertz  enthroned  Maxwell  in  every  chair  of  physics 
in  KuroiH?  and  America. 

Ft  api)ears  that  many  of  the  ancient  philosophers  had  a  shadowy  idea 
of  a  medium  in  si)ace  which  they  personifie<l  and  called  "Aether."  Ac- 
cording to  Ileriod,  Aether  was  the  son  of  Erebus  and  Night  and  the  brother 
of  Day.  Tlie  Orphic  hynnis  si)eak  of  Aether  as  the  soul  of  the  world,  the 
animator  of  all  things,  the  principle  of  life.  The  children  of  Aether  and 
Day  wen*  the  objects  about  us,  the  heavens  with  all  their  stars,  the  land, 
the  sea.  Aether  was  tlie  lightest  and  most  active  form  of  matter  and  Day 
had  the  iM)wer  of  converting  it  into  heavier  matter.     Plato  speaks  of  the 


^Kelvin.    Introduction  to  Jonas'  translation  of  Herts's  **El6ctric  Warei."    HmtmfSr 
Ian,  1893. 
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Aether  as  being  a  form  of  matter  far  purer  and  lighter  than  air.  so  light 
that  its  weight  cannot  be  asc-ertalntHl  because  dlstributinl  tlirou^li  infinite 
simee. 

During  the  fifteen  years  following  the  pulilication  of  Hertz's  researches 
it  is  prolMible  that  greater  homage  was  paid  to  Ether  l)y  motlern  physicists 
tlmn  was  ever  given  it  by  tlie  ancients.  The  ether  was  api>ealeii  to  from 
every  quarter.  Light,  radiant  heat  and  elwtric  waves  were  ether  waves. 
An  electric  charge  was  an  ether  strain.  An  electric  current  was  a  phe- 
nomenon in  the  ether  and  not  in  the  wire  in  which  it  apiK^ired  to  fiow. 
Magnetism  and  gravitation  were  phenomena  of  the  ether.  Matter  itself 
l)ecame  an  aggregation  of  etlier  vortices.  Ether  and  motion  were  expected 
to  explain  everything.  Such  terms  as  natural  pliilosopliy  and  physics  were 
discarded  by  some  of  our  text-booli  writers  who  adopttnl  such  titles  as 
•^Matter,  Ether  and  Motion";  **Ether  Physics";  "Etlier  Dynamics'*;  "The 
Mechanics  of  the  Ether."     Physics  was  defined  as  the  science  of  motion. 

The  classiciil  mechanics  of  Laiirange  was  built  on  what  were  con- 
sidered fundamental  concepts — mass,  force,  space  and  time.  Hertz,  in  his 
treatise  on  mechanics  published  in  1804,  endeavored  to  eliminate  force 
and  potential  energy  and  reduce  a  universe  to  ether  movement.  Space 
and  time  were  not  fundamental  ideas,  but  as  Kant  liad  said,  were  sub- 
jective notions.  We  measure  time  by  a  change  of  space  relation;  that  is, 
a  movement  of  a  star,  of  the  earth,  of  a  clock  hand.  "In  a  world  void  of 
all  kind  of  movement  there  would  not  be  seen  the  slightest  setpience  in 
tlie  internal  state  of  substances.  Hence  the  abolition  of  the  relation  of 
substances  to  one  another  carries  with  it  the  annihilation  of  sequence  and 
of  time."  Thus  everything  was  made  to  depend  upon  movement.  The 
ecpiations  of  motion  became  the  chief  instruments  of  physical  research, 
and  the  criterion  by  which  the  results  of  experiments  were  interpreted, 
(valilei^  lost  his  professorship  bec*ause  he  dare<l  to  dispute  the  authority 
of  Aristotle.  Daguerre  was  for  a  time  placeil  in  an  asylum  because  he 
said  he  could  take  a  picture  on  a  tin  i>late.  Galvani  was  ridiculed  by  his 
friends  and  dubbed  "the  frog's  dancing  master."  Franklin's  pai)er  on 
lightning  conductors  was  considered  f(M>lish,  and  refused  publication  by  the 
Royal  Society.  Fifteen  years  ago  it  would  have  bc»en  almost  as  disastrous 
for  a  physicist  to  (piestlon  the  authority  of  LaCJrange  or  Maxwell.  Not 
only  were  the  vvhhHs  of  experiments  subjected  to  mathematical  analysis, 
the  direction  of  .scientific   investigation   was   largely  so  determined.     The 
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question  was  first  put  to  mechanics.  If  a  positive  answer  was  indicated 
the  question  was  put  to  nature  and  the  research  went  on.  If  the  equations 
indicated  a  negative  result  the  question  was  dropi)ed  and  the  research 
abandoned. 

Physics  was  an  exact  science.  Otlier  sciences  were  not  exact  sciences 
because  tlieir  theories  and  hypotheses  could  not  be  mathematically  ex- 
pressed— the  relation  between  cause  and  effect  was  not  expressible  In 
algebraical  symbols.  Physics  was  an  exact  •  science  whose  fnndiimentai 
principles  had  been  discovered  and  its  laws  expresseil  by  equations.  All 
that  remained  to  be  done  was  to  make  more  accurate  measurements  of 
physical  quantities  for  use  as  coefficients  and  exiwnents. 

Let  me  quote  from  the  181H  catalogue  and  later  catalogues  of  one  of 
the  largest  universities  in  the  United  States. 

"While  it  is  never  safe  to  affirm  that  the  future  of  physical  science 
has  no  marvels  in  store.  *  *  *  it  seems  probable  that  most  of  the  grand 
underlying  principles  have  been  firmly  established  and  that  further  ad- 
vances are  to  be  sought  chiefly  in  tlie  rigorous  ai)pIicatlon  of  these  princi- 
ples to  all  the  phenomena  whicli  come  under  our  notice.  •  •  •  An 
eminent  scientist  has  remarked  that  the  future  truths  of  physical  science 
are  to  be  looked  for  in  the  sixth  place  of  decimals.**  The  foregoing  is  a 
verbatim  quotation  from  the  introductory  statement  preceding  the  list 
of  courses  in  i)hysics  offered  at  one  of  our  great  universities,  written,  I 
think,  in  1894.  "Underlying  principles  firmly  established/'  "Future  truths 
in  sixth  decimal  place,"  1894.  Then  came  the  discovery  of  Roentgen  rajf*. 
1895;  Becquerel  rays,  189(5;  Zeeman  effect,  189(5;  radium,  1898;  atomic 
disintegration,  the  transformation  of  matter,  the  thermal  effect  of  radio- 
activity, and  intra  atomic  energy,  1903.  I  am  unable  to  locate  tlie  sixth 
decimal  idea  in  recent  catalogues. 

J.  J.  Thomson  likens  the  discovery  of  Uoentgen  rays  to  the  discovery 
of  gold  in  a  sparsely  populated  country.  Workers  come  in  large  numliers 
to  seek  the  gold,  many  of  them  findlnj^  tliat  "the  country  has  other  products, 
other  charms,  i»erhaps  even  more  valuable  than  the  gold  itself." 

The  chief  value  of  Hoentgen's  discovery  was  not  that  it  furnished  us 
a  new  kind  of  light  for  the  investigation  of  dark  places,  but  In  the  fact 
that  it  led  a  host  of  workers  to  study  vacuum  tube  dis<*harges — the  dis- 
charge of  electricity  in  gases  and  tlie  effects  of  such  discharges  on  matter 
itself.    The  old  dusty  Cr<M)kcs'  tube  was  taken  down  from  the  far  coroer 


93 

of  the  upper  shelf  and  regarded  with  new  interest.  In  a  day  it  had  ceased 
to  be  a  forgotten,  though  curious,  plaything,  and  had  l)ecome  a  i^owerful 
instrument  of  research.  It  was  before  Roentgen's  discovery  that  a  well- 
known  proft»iJ8or  j«nid  to  nie  tliat  he  considered  it  foolish  for  one  to  spend 
any  part  of  his  departmental  appropriation  for  a  vacuum;  that  when  he 
paid  out  money  he  wanted  something  in  return — not  an  empty  space.  And 
yet  this  man  was  familiar  with  the  work  of  Faraday  and  of  Crookes,  both 
of  whom  with  proi)hetic  mind  had  foreseen  and  foretold.  Jjet  me  quote 
from  a  lecture  by  Faraday  on  the  significant  subject  "Radiant  Matter." 

^  "I  may  now  notice  a  peculiar  i)rogression  in  physical  proi)erties  (of 
matter)  accompanying  changes  of  form,  and  which  is  perhaps  sufficient  to 
induce,  in  the  inventive  and  sanguine  philosopher,  a  considerable  degree 
of  belief  in  the  association  of  the  radiant  form  with  the  others  in  the 
set  of  changes  I  have  mentioned. 

**As  we  ascend  from  the  solid  to  the  fluid  and  gaseous  states,  physical 
propertii^s  diminish  in  number  and  variety,  each  state  losing  some  of  those 
which  belong  to  the  preceding  state.  *  ♦  ♦  The  varieties  of  density, 
hardness,  opacity,  color,  elasticity  and  form,  which  render  the  numl>er  of 
solids  and  fluids  almost  inflnite,  are  now  supplied  by  a  few  slight  varia- 
tions in  weight  and  some  unimportant  shades  of  color. 

**To  those,  therefore,  who  admit  the  radiant  form  of  matter,  no  diflaculty 
exists  in  tlie  simplicity  of  the  properties  it  possesses  *  *  *  .  They  point 
out  the  greater  exertions  which  nature  makes  at  each  step  of  the  change 
and  think  that,  consistently,  it  ought  to  be  greatest  in  the  passage  from 
the  gaseous  to  the  radiant  form."  The  lecture  from  whicli  the  foregoing 
is  a  quotati(m  was  dellvertnl  in  181<»,  when  Faraday  was  l)ut  twenty-four 
years  old. 

I-^et  me  quote  again,  this  time  from  a  kK-ture  by  Sir  William  Crookes 
delivereil  sixty  years  later,  more  than  thirty  years  ago,  on  the  same  sub- 
ject—"Radiant  Matter." 

"In  studying  this  fourth  state  of  matter  we  seem  at  length  to  have 
within  our  grasp  and  obe<lient  to  our  control  the  little  indivisible  particles 
which  with  good  warrant  are  supposed  to  constitute  the  physical  basis  of 
the  universe.  We  have  st*en  that  in  s(ane  of  its  properties  radiant  matter 
is  as  material  as  this  table,  whilst  in  other  properties  it  almost  assumes 
the  character  of  radiant  energy.  We  have  actually  touched  the  borderland 
where  matter  and  force  seem  to  merge  into  one  another,  the  shadowy  realm 
*Life  and  Letters  of  Faraday,  Vol.  1,  p.  306. 


94 

between  known  and  unknown,  which  for  me  has  always  had  peculiar 
temptations.  I  venture  to  think  tlint  the  greatest  scientific  problems  of 
the  future  will  find  their  solution  in  this  borderland,  and  even  beyond ; 
here,  It  seems  to  me,  lie  ultimate  realities,  subtle,  far-reaching,  wonderful." 

The  developments  of  the  last  few  years  have  demonstrated  that  no 
truer  prophecy  was  ever  uttered,  and  the  jirophet  Crookes  has  lived  to 
witness  and  to  take  a  imrt  in  its  fulfillment. 

The  importance  of  the  present  rejuvenation  of  physical  science  does 
not  consist  alone  in  the  abundance  of  the  harvest.  There  have  been 
abundant  har\'ests  in  the  past.  Consider  the  decade  which  closed  one 
hundred  years  ago.  In  1708  Kumford  boiled  water  by  friction.  In  171>9 
Davy  melted  ice  by  friction  in  a  vacuum  and  Laplace  published  his  work 
on  mechanics.  In  1800  Volta  constructed  the  Voltaic  pile,  Nicholson  and 
Carlisle  decomi>osed  water,  Davy  discovered  the  i)roi)erties  of  laughing 
gas,  and  Herschel  disco veretl  dark  heat  rays.  In  1801  Piazzi  discovered 
the  first  asteroid.  Rltter  the  chemical  rajs,  and  Young  the  interference  of 
light.  In  1802  Wedgewooil  and  Davy  made  sun  pictures  by  the  action  of 
light  on  silver  chloride,  and  Wollaston  discovered  dark  lines  In  the  sun's 
spectrum.  In  1808  Mains  disc*overed  iwiarization  by  reflection.  Gay 
Lussac  the  combination  of  gases  by  multiple  volumes,  and  Dalton  the  law 
of  multiple  proportions. 

So  great  was  the  exhilaration  and  satisfaction  produced  by  these  dis- 
coveries that  many  scientists  of  that  i>eriod  appear  to  have  become  infected 
with  something  akin  to  the  "sixth  decimal"  delusi(m.  "Electricltj-,"  wrote 
the  French  scientist  Ilaiiy,  *'enriched  by  the  labor  of  so  many  distin- 
guished physicists,  sc»ems  to  have  reached  the  term  when  a  science  has  no 
more  imi)ortant  steps  before  it,  and  only  leaves  to  those  who  cultivate  it 
the  hope  of  confirming  the  discoveries  of  their  i^redecessors  and  of  casting 
a  brighter  light  on  the  truths  revealed."  A  statement  which  was  almost 
iiinnediately  followed  by  the  discoveries  of  Oersted,  Ampere,  Seebeck  and 
Faraday.  A  statement  which  has  been  foll<>wed  by  the  telegraph,  the  tele- 
phone, the  dynamo,  the  motor,  the  electric  light,  the  electric  railway,  the 
Hoentgen  rays,  and  the  wireless  telegraph  and  telephone. 

If  anj'one  today  is  dispostnl  to  criticise  the  men  of  science  of  other 
times  because  of  their  limited  view,  their  complac<»nt  opinions  and  tlieir 
intoleranct*  of  all  that  did  not  agree  with  theories  they  consideretl  e8tal>- 
lished,  let  him  first  rend  and  iK)ndcr  ov<'r  wliat  One  spake  about  motes  and 
beams. 
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The  real  siRniflcaiice  of  rei*eiit  develoi)meiit}*  is  in  tlie  fact  that  they 
change — in  a  way  revolutionize — some  of  our  ideas  of  tilings.  And  here 
let  me  say  that  i)roven  facts  and  proposed  theories  sliould  not  be  confused. 
A  theory  Is  simply  a  working  hyiwthesis,  invented  for  the  purpose  of  ex- 
plaining facts,  to  be  discarded  when  facts  are  discovered  with  which  the 
theory  is  not  In  harmony.  A  theory  nuiy  explain  many  facts,  it  may  be 
generally  accepted,  it  may  have  survive<l  for  generations  and  be  false. 
The  phlogiston  theory,  the  conniscular  theory  are  two  examples.  Shall 
we  say  that  the  theory  of  the  indestructibility  of  matter  and  of  the  con- 
servation of  energy  are  two  others? 

The  usual  chemistry  text-book  would  have  us  believe  in  the  inde- 
structibility of  matter  t)ecause  the  chemist  can  change  the  form  of  matter 
almost  at  will,  and  in  all  the  chemical  reactions  there  is  no  loss  of  weight. 
In  replying  to  this  argument  I  wish  to  make  three  points. 

First.  The  balance,  notwithstanding  the  statement  of  text-books,  com- 
pares weights  and  not  masses,  and  it  is  only  because  weight  is  assumed 
to  l>e  i)roiK>rtlonal  to  mass  that  we  sjjy  we  determine  mass  by  the  balance. 
Wliat  we  really  compare  is  the  gravitational  force  which  the  earth  exerts 
on  two  nmssi^s,  and  we  have  no  a  priori  right  to  assume  tiuit  this  gravita- 
tional force  is  absolutely  independent  of  the  state  or  molecular  arrange- 
ment of  the  attracted  body.  Why,  for  instance  should  we  expect  an  abso- 
lutely uniform  field  of  force  about  a  crystal  when  that  same  crystal  will, 
if  placetl  in  a  proj»er  solution,  continue  to  grow  symmetrically,  and  i)erhaps 
replace  a  broken-oflF  corner  before  beginning  its  growth? 

It  is  conceivable  that  there  should  be  a  loss  of  weight  in  chemical  re- 
actions and  yet  no  destruction  of  matter.  It  is  possible  that  mass  and 
weight  are  not  strictly  proi)ortional.  If  J.  J.  Tliomson  were  not  disposed 
to  question  the  eciuation  w  =  m .  g  he  would  not  have  e.xi>erimented  with  a 
pendulum  of  radium,  and  he  would  not  now  be  exi)eri  men  ting  with  a  pen- 
dulum of  uranium  oxide. 

In  the  second  place  there  is  an  apparent  change  of  weight  in  chemical 
reactions  as  has  been  shown  by  several  exiK^rimenters.  notably  by  Landolt.' 
who  found  a  loss  in  forty-two  out  of  fifty-four  cases.  The  chemicjil  reac- 
tions were  brought  about  in  sealed  glass  tubes  which  generally  weighed 
less  after  the  reactions  than  they  weighed  before.  Later-  it  was  found 
that  some  of  these  losses  might  be  attribute<l  to  temi»erature  and  volume 


1  II.  Landolt.  Preuss.  Akad.  WisH.  Berlin.  Sitz.  Ber.  8,  pp.  266-208.  1906. 
«  Landolt.  Preuss.  Akad.  Wiss.  Berlin,  SItz.  Ber.  96,  pp.  .354-387,   1908, 
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changes.  Whatever  the  testlniony  of  the  bahmce  may  have  betMi,  Koiue 
of  the  reactions  must  have  been  accompanied  by  a  loss  of  weiglit.  for  it 
has  been  proven  by  chemical  means  that  snch  reactions  are  fre<iuently 
attendetl  by  the  escape  of  something  through  the  walls  of  the  glase  tubes.* 
This  loss  Is  readily  explained  by  the  dislntegraticm  theory.  If  one  wishes 
to  explain  It  by  assuming  the  diffuhion  of  ordinary  gases  through  the  glass 
walls  of  the  tube  he  must  explain  the  fact  that,  in  many  cases,  it  was  the 
heavy  and  least  volatile  substances  that  escaped  fastest. 

In  the  third  place  the  element  of  time  has  been  overlooked.  Matter 
may  be  disintegrating,  but  at  such  a  slow  rate  that  in  the  limited  time 
over  which  exi)eriments  have  Ikh^u  extended  the  balance  has  faileii  to  de- 
tect the  change.  As  far  as  our  experience  goes  the  time  of  rotation  of 
the  earth  Is  constant;  but  we  know  that  it  cann(»t  ix'  absolutely  constant. 
The  nuwn  has  slowed  down  imtil  it  takes  a  month  in  make  one  turn.  To 
an  ei)hemeral  insect  almost  everything  would  api»ear  to  be  eternal.  With 
due  respect  for  the  balance  and  the  wonderful  work  it  has  enabled  <*hem- 
ists  to  do,  it  must  be  admitted  that  it  is,  comparatively,  a  very  crude  in- 
strument.    Let  me  prove  it. 

Suppose  we  fix  tlie  limit  of  Keiisibility  of  the  balance  at  one  <me-thoupandlh 
of  a  niiliigraiii.  Our  books  on  cheiuistry  tell  us  that  1  c  c  of  gas,  say  hydro- 
gen, at  onlinary  pressure  contains  4X1^*"  molecules.  Tlie  density  of  II  being 
896  XIO-^  then  1  gm.  of  H  would  consist  of  (4X10'»)  ^- (SOOX  10  M  molecules. 
Taking  112  as  the  ratio  of  the  molecular  weights  of  radium  and  H,  then  1  gm. 
of  radium  would  consist  of  [(4X  10»»,H-(8y6X  10')]  ^-112  =  4X  10»  molecules. 
Therefore  .001  mgm.  of  radium  would  consist  of  4X^0^^  molecules,  and  this 
would  be  the  smallest  possible  number  that  our  most  sensitive  balance  could  de- 
tect. If  the  gram  of  radium  were  disintegrating  and  its  molecules  escaping  at 
the  rate  of  a  million  i>er  second  it  would  recjuire  4X  10^*^  seconds  =  463,000  days 
=  1270  years  for  that  gram  of  radium  to  lose  in  weight  only  the  one-thousandth 
part  of  one  milligram,  all  the  while  its  molecules  trooping  away  at  tlie  rate  of  a 
million  per  second. 

The  population  of  the  earth  Is  alwnit  1,5()0  millions.  The  smallest 
number  of  molecules  a  balance  will  detect  is  4xl0'^  or  about  26,000.000 
times  the  population  of  the  earth.  We  wonder  if  Mars  is  inhabitetl.  If 
a  Martian  wen*  to  conu*  to  the  earth  to  make  an  exi>eriment  to  determine 
whether  or  not  the  earth  is  i)opulate<l  and  he  had  no  better  instrumeut 


^C.  Zeoffheliij.    Zeittchr.  Pby:*.  Cbein.05,3,  pr.8n-3'8,  Jan. 5, 1909. 
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••for  the  detec-tiou  of  the  existence  of  a  man"  than  is  the  balance  for  a 
molecule,  he  would  be  obliged  to  go  back  and  report  the  earth  uninhabited. 
In  fact  his  instrument  for  the  man  test  would  need  to  be  26,600,000  times 
as  sensitive  as  the  balance  to  give  him  even  a  hint  of  the  probability  of 
an  earth  population. 

Thomson  says  that  the  smallest  quantity  of  unelectrlfled  matter  ever 
detected  is  probably  neon,  and  this  was  discovered  by  the  siiectroscope — not 
the  balance.    But  the  number  of  molecules  of  neon  required  to  give  a  spec- 
troscopic effect  is  about  ten  million  million,  or  about  7.000  times  the  popu- 
lation of  the  earth.     It  has  been  shown   that  the  presence  of  a  single 
charged  atom  can  be  detected  by  electrical  means.    Thus  the  electroscope 
is  millions  of  millions  of  times  as  sensitive  as  the  spectroscope,  which  is 
itself  in  many  cases  far  more  sensitive  than  the  balance.    This  explains, 
in   part,   why  radium   was  discovered  by  physicists,   and  why  physicists 
have  been  most  active  In  all  the  work  which  has  had  to  do  with  the  theories 
of  electricity  and  matter.     If  chemists  wish  to  compete  with  physicists  In 
this  field  of  investigation  they  must  adopt  physical  methods  and  apparatus 
or  devise  some  of  their  own  which  shall  be  far  more  sensitive  than  the 
balance  or  spectroscope.     Further,  many  of  the  great  chemists  of  the  world 
need  to  awake  to  the  fact  that  there  Is  something  doing  and  that  they  are 
not  doing  it.    Their  indifference  is  surprising.    Only  three  months  ago  one 
of  them  expressed  the  following  sentiments  In  a  paper  read  before  the 
chemical   section  of  the  British  Association.     '♦     ♦     ♦     '*Tho8e  who  feel 
that  the  electron  Is  possibly"   (note  the  iwsslbly)   "but  a  figment  of  the 
imagination  will  remain  satisfied  with  a  symbolic  system  which  has  served 
us  so  long  and  so  well  as  a  means  of  giving  expression  to  facts  which  we 
do  not  pretend  to  explain.     ♦     ♦     *     Until  the  credentials  of  the  electron 
are  placed  on  a  higher  plane  of  practical  politics,  until  they  are  placed  on 
a  practical  plane,  we  may  well  rest  content  with  our  present  condition 
and  admit  frankly  that  our  knowledge  Is  Insufficient  to  enable  us  even  to 
venture  on  an  explanation  of  valency.**    Think  of  it!     We,  the  chemists, 
"remain  content"  in  this  day  when, .as  the  lion.  A.  .1.  Baifour  has  said, 
the  att«Mnpt  t(»  unify  physinil  science  and  nature  -'Vxcites  feelings  of  the 
most  acute   intelit*<tual   gnitification.     The  sMtisfaction   it  gives   is  almost 


*Seienttfic  Amerioan  Supplement.    63,  No.  1701.    F.  21'»,Oet.  2, 1909. 

""Reflection*  Suggested  by  the  New  Theory  of  Matter."  Presidential  Addresf,  British 
AMociation  for  the  advancement  of  Science,  19CJ*.  Science.  20  No.  504,  pp.  257-206,  Aug. 
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nesthotic  in  its  intensity  and  ciuality.  We  feel  tlie  same  sort  of  pleasurable 
slKK'k  as  when  from  the  crest  of  some  melancholy  pass  we  first  see  far 
below  the  sudden  glory  of  plain,  river  and  mountain."  "Rest  content!" 
No  wonder  the  Noebel  prize  in  chemistry  was  awarded  to  Rutherford,  a 
physicist. 

As  to  the  se<'ond  principle,  the  conservation  of  energy,  some  have 
had  misgivings.  It  was  Kelvin,  I  believe,  who  said  that  radium  ]>laced 
the  first  question  mark  after  this  gi'eat  princii»Ie.  Many  have  refused  to 
believe  in  the  electron  and  disintegration  theories  because  they  saw,  or 
thought  they  saw,  in  these  theories  a  c(nitradiction  of  the  principle  of 
energy  conservation.  Personally  I  do  not  see  that  there  are  necessarily 
any  contradictions.  But  even  if  there*  were  and  we  were  therefore  justi- 
fied In  rejecting  the  theories  proposed  to  explain  the  facts,  w^e  c*ertalnly 
should  not  be  justified  in  rejwtinir  the  facts  themselvt*s. 

In  this  connection  I  am  reminded  of  the  story  of  a  lawyer  whose  client 
was  placed  In  jail  for  some  very  trivial  offense.  When  the  lawyer  learned 
the  nature  of  the  charge  he  said  to  his  client :  "My  friend,  they  cannot 
put  you  in  jail  on  such  a  charge  as  that."  "Yes,  but  they  have,"  replied 
the  prisoner.  When  our  physicist  says  that  radium  cannot  remain  at  a 
higher  temperature  than  Its  surroundings  and  continue  to  radiate  heat, 
as  that  would  be  contrary  to  the  second  law  of  thermodynamics,  the  answer 
is,  Yes,  but  it  does.  When  he  says  that  it  cannot  (tontinue  to  radiate  en- 
ergy without  receiving  energy  from  some  other  body,  as  that  would  be 
contrary  to  the  principle  of  the  conservation  of  energy,  the  answer  Is,  Yes, 
but  it  does  it. 

When  some  one  says  that  helium  or  carbon  dioxide  cannot  appear  in 
sealed  tubes  which  containeil  no  trace  of  these  substances  to  begin  with, 
the  answer  Is,  Yes.  but  they  do. 

Let  us  su]»])ose  that  we  have  a  mass  of  guntH)wder  and  that  It  is  possi- 
ble to,  and  we  do,  cause  it  to  explode,  one  grain  at  a  time,  each  grain  firing 
its  neighbor  as  in  the  fuse  of  a  firecracker.  The  temi»erature  of  the  mass 
of  gunpowder  will  be  higher  than  its  surroundings,  and  it  will  give  off 
heat  and  other  forms  of  energy  and  continue  to  do  so  as  long  as  the  pow- 
der hists.  No  one  would  think  of  calling  this  an  exeei>tion  to  the  law  of 
the  conservation  of  enc^'gy  or  the  second  law  of  t h«»rmodynainl<*s.  The 
source  of  tlie  en«*rgy  is  tlie  atoniie  potential  energy  of  the  powder  itself. 

lA»t  us  supiM)se  that  we  have  a  sphere  with  frictionloss  surface  rotat- 
ing at  an  enormous  sjK^ed.     Supi>ose  that  particles  of  matter  are  thrown 
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off  at  frequent  intervals.  These  particles,  on  account  of  their  high  speed, 
have  considerable  potential  energy.  Thus  the  sphere  continues  to  give 
off  energy  without  receiving  any  as  long  as  any  mass  remains.  The  source 
of  the  energy  is  the  kinetic  energy  stored  in  the  sphere  at  the  outset,  of 
which  energy  we  are  conscious  only  when  we  have  some  method  of  detect- 
ing and  slowing  down  the  projected  particles. 

Thus  the  energy  radiated  by  radium  might  be  stored  within  the  ra- 
dium atom  as  potential  energy  and  liberated  by  a  sort  of  atomic — or  sub- 
atomic— explosion.  Or  it  might  be  stored  as  kinetic  energy — of  revolving 
electrons — and  liberated  gradually  as  these  elect nms  escape  from  their 
orbits.  It  might  he  stored  in  both  forms.  In  any  case  it  is  intra-atomic 
energy  because  stored  ivithm  the  atom  itself  and  liberated  only  by  atomic 
change — disintegration.  In  neither  (»ase  would  there  be  a  violation  of  the 
principle  of  the  conservation  of  energy  or  of  the  second  law  of  thermo- 
dynamics. Sooner  or  later  all  the  energy  will  have  been  radiated.  The 
fact  that  the  supply  is  destined  to  last  so  long  is  what  api>eals  to  us  as 
wonderful.  And  so  It  Is.  Tlie  world  is  full  of  wonderful  things  to  anyone 
who  pauses  long  enough  to  think. 

In  this  paper  I  have  endeavored  to  give  a  general  notion  of  the  trend 
of  thought  and  Investigation  In  physical  science  rather  than  an  enumera- 
tion and  discussion  of  discoveries  and  theories.  I  might  say,  however, 
that  there  are  strong  reasons  for  believing  in  the  molecular  structure  of 
electricity  the  electrical  nature  of  matter,  and  the  dependence  of  mass  upon 
velocity.  The  theories  of  radioactivity  and  disintegration  of  matter  are 
fairly  well  established.  According  to  Ilamsay,  one  of  the  most  eminent 
chemists  In  the  world,  **we  are  on  the  brink  of  discovering  the  synthesis 
of  atoms,  which  may  lead  to  the  discovery  of  the  ordinary  elements." 
Perhaps  the  dream  of  the  alchemist  is  about  to  be  realized.  Certain  it  Is 
that  we  are  face  to  face  with  energies  of  which  no  one  even  dreamed  a 
few  years  ago.  Whether  we  call  this  energy  intra-atomic,  sub-atomic, 
interelemental  or  some  other  name,  we  know  certainly  that  it  exists,  and 
that  it  exists  in  quantities  far  beyond  the  power  of  man's  mind  to  com- 
prehend. Man  hopes  some  day,  somewhere,  somehow,  to  discover  the 
means  of  unlocking  this  infinite  storehouse.  If  this  discovery  Is  ever 
made,  all  the  others  which  man  has  ever  made  will  pale  into  insignificance 
beside  it. 

Lodge  says  of  the  one-pound  shot  and  the  one-hundred-pound  shot 
which  Galileo  dropped  from  the  top  of  the  Leaning  Tower,  that  "their 
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simultaneous  clang  as  they  struck  the  ground  together  sounded  the  death 
knell  of  the  old  system  of  philosophy  and  heralded  the  birth  of  the  new." 
The  age  of  rev<M*«Mi(<»  for  authority  lind  passed  away  and  the  day  of  ex- 
perimental investigation  had  dawnnl. 

In  a  sense  the  discoveries  of  thir  past  few  years  have  resiilleil  hi  a 
similar  revolution.  The  revival  of  the  experimental  method  has  been 
<'onii)lete.  Accei)ted  theories  are  being  put  to  the  test.  What  we  have 
long  regarded  as  i»r«)ven  facts  are  being  questioned  and,  in  many  cases, 
challenged.  There  is  no  field  of  investigation  which  has  not  been  culti- 
vated anew. 

In  closing  I  wish  to  (piote  from  the  presidential  address  of  J.  J.  Thom- 
son* before  the  British  Asso(»iation  at  its  last  meeting.  **The  new  dis- 
coveries made  in  i>hysics  the  last  few  years,  and  the  ideas  and  potentiali- 
ties suggested  by  them,  have  had  an  eflTect  uixm  the  workers  in  that  sub- 
jec't  akin  to  that  produced  in  literature  by  the  Renaissance.  Enthusiasm 
has  been  (piickened  and  there  is  a  hopeful,  youthful.  perhai)s  exuberant, 
spirit  abroad  which  leads  men  to  make  with  confidence  exi)erlment8  which 
would  have  been  thought  fantastic  twenty  years  ago.  It  has  quite  dis- 
pelled the  i)e8simistic  feeling,  not  uncommon  at  that  time,  that  all  the 
interesting  things  had  been  discovered,  and  all  that  was  left  was  to  alter 
a  decimal  or  two  in  some  physical  constant.  There  never  was  any  justifi- 
cation for  this  feeling,  there  never  were  any  signs  of  an  approach  to  finality 
in  science.  The  sum  of  knowledge  is,  at  present  at  any  rate,  a  diverging, 
not  a  (K)nverging  series.  As  we  conquer  peak  after  peak  we  see  regions 
in  front  of  us  full  of  interest  and  beauty,  but  we  do  not  see  our  goal,  we 
do  not  see  the  horizon :  in  the  distance  tower  still  higher  peaks,  which  will 
yield  to  those  who  ascend  them  still  wider  prospects,  and  deei>en  the  feel- 
ing, whose  truth  is  enq)hasized  by  every  advance  in  science,  that  'Great 
are  the  works  of  the  Lord.'  '* 

'Scientific  Am.  Sup.  63,  No-s.  1757  and  1758,  pp.  154, 155  and  174-176.    Sept.  4  and  Sept.  II, 
1909. 
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tJECENT  Progress  tn  Botany. 


Hy  John  M.  Ooui.teu. 

Mr.  Chairman  ami  Members  of  the  Academy :  When  I  face  the  Indiana 
Academy  of  Science  at  its  twenty-fifth  anniversary,  I  feel  more  lilie  si)eak- 
Ing  of  old  times  than  upon  any  technical  subject.  However,  perhaps  some 
of  these  reminiscences  may  appear  at  the  bampiet  tonight,  and  I  will  re- 
strict myself  just  now  to  the  program. 

It  is  very  hard  for  one  wlio  has  not  liveti  and  worked  thn)ugh  tlie 
period  covered  by  the  liistory  of  this  Academy  to  appreciate  the  changes 
that  have  taken  place  in  the  science  of  botany.  Those  of  you  who  iiave 
come  into  the  subject  during  the  last  decade  can  hardly  have  a  full  ap- 
preciation of  what  you  have  missed  and  of  what  rapid  development  has 
taken  place.  At  the  time  this  Academy  was  being  founded,  almost  all  the 
instruction  and  investigation  in  botany  was  in  taxonomy  or  classification, 
and  that  was  chiefly  restricted  to  the  classification  of  flowering  plants. 
I  shall  not  weary  you  by  recounting  all  of  the  imi)ortant  changes  that  have 
taken  place  since  that  time,  but  I  Wish  to  point  out  a  few  things  that  have 
impressed  me. 

The  first  impressive  change  is  the  tremendous  development  and  differ- 
entiation of  the  subject  during  the  period  covered  by  the  history  of  this 
Academy.  In  the  background  we  have  still  the  old  historic  field  of  tax- 
onomy, which  is  being  cultivated  with  greater  zeal  than  ever.  But  the 
first  change  to  note  is  the  great  development  of  the  comparatively  new 
science  of  morphology.  In  these  days  morphology  has  come  to  mean  the 
structure  and  evolution  of  the  plant  kingdom  as  a  whole,  and  its  develop- 
ment has  been  little  short  of  marvelous.  Perhaps  the  first  change  from 
the  old  r^ime  was  brought  about  in  this  country  by  the  appearance  of 
Bessey's  Botany  in  1880,  and  from  that  date  began  the  development  of 
modem  morphology  in  the  United  States. 

In  connection  with  the  development  of  morphology  there  have  grown 
up  various  expressions  of  it  that  ha\e  demanded  special  technique.  The 
first  of  these  to  appear  was  that  which  is  known  as  cytology.  In  collect- 
ing the  facts  in  refennice  to  the  cell  as  a  unit  of  structure,  raorphologists 
soon  discovered  that  sometliing  must  l)e  known  about  cell  structure,  and 
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thus  a  very  special  technique  has  been  developetl  and  Is  still  developing. 
Gytolojjy  nii^ht  be  detined,  therefore,  as  morpholofcy  at  the  limit  of  tech- 
nique. 

In  more  recent  yeai^s  there  has  been  another  outgrowth  from  morphol- 
ogy and  still  a  part  of  it.  For  many  years  there  had  been  what  was  r«MX)g- 
nlsied  to  be  a  great  rubbish  heap  of  facts  called  anatomy.  For  example, 
the  classic  ^^Comparative  Anatomy  of  I'hanerogams  and  Ferns,"  by  Do 
Bary,  contains  a  mass  of  facts,  but  they  are  inchoate.  Many  of  them  were 
used  in  instruction,  for  in  the  earb'  days  of  morphological  instruction  facts 
were  simply  c(>llected  without  reference  to  their  relationships.  Presently, 
as  morphology  began  to  develop  ideas,  it  was  felt  that  these  auatoiuical 
facts  might  mean  something  when  organized;  but  in  the  absence  of  such 
organization  they  were  largely  abandoned  in  instruction.  Recently,  how- 
ever, there  has  been  rescued  from  this  rubbish  heap  the  new  subject  of 
vascular  anatomy,  which  has  become  a  tremendous  instrument  in  the  de- 
velopment of  our  knowle<lge  of  plant  groups  and  of  the  evolution  of  vascu- 
lar plants  in  particular.  Thus  vascular  anatomy  has  greatly  extended 
mori>hology,  which  at  first  chiefly  concerned  Itself  with  the  reproductive 
stnietures.  It  still  remains  for  some  one  to  organize  in  a  similar  way 
tlie  vegetative  structures  outside  of  the  vascular  system,  and  then  morphol- 
ogy for  the  first  time  will  have  its  facts  fairly  in  hand. 

Under  the  shadow  of  this  morphological  development  there  appeared 
another  growth  known  as  pathology.  The  progress  made  in  plant  pathol- 
ogy during  the  i)eriod  covered  by  the  life  of  this  Academy  is  familiar  to 
many  of  its  members.  It  began  as  morphology,  but  as  it  progressed  It 
became  more  and  more  clear  that  it  would  have  to  join  itself  to  physiology, 
and  so  pathology  may  be  calk»d  a  cross  between  morphology  and  physiology 
In  its  recent  development. 

Another  great  field  that  came  in  conne<*tion  with  this  development 
of  mori>hology,  even  more  recently,  is  paleobotany.  There  has  been  sucdi 
a  subject  ever  since  people  have  uncovered  plant  remains  and  their  im- 
pressions in  the  rocrks;  but  its  method  was  to  match  fossil  fragments 
with  living  i)lants,  so  that  identification  was  always  uncertain.  The  tet^h- 
nique  of  today,  however,  has  enabled  us  to  secure  knowledge  of  structures, 
and  since  vascular  anatomy  has  been  put  up(m  a  i)hylogenetic  basis  we  have 
a  key  by  which  the  relationships  of  these  ancestral  plants  may  be  un- 
locked. 
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I  can  only  mention  the  remarkable  advance  that  has  taken  place  in 
l)lant  physiology,  and  also  in  the  new  subject  of  plant  ecolojfy.  There 
should  be  added  plant  breeding,  which  has  not  only  its  important  scientific 
aspects  in  connection  with  theories  of  heredity  and  the  origin  of  8i)ecie8, 
but  lias  also  such  enormous  i>racti(ral  api^licatlons  that  it  is  reaching  out 
into  the  nee<ls  of  men. 

This  gives  merely  a  glimpse  of  how  the  old  science  of  botany,  as  it 
really  was  wlien  this  Ac-ademy  was  founded,  has  branched  out  into  its 
present  field  of  achievement.  The  student  of  twenty-five  years  ago  who 
had  studied  botany  in  our  colleges  and  learned  just  enough  about  gross 
morphology  to  be  able  to  use  Gray's  "Manual"  intelligently,  and  who  re- 
garded that  to  represent  all  there  was  in  botany,  would  be  astonished  to 
see  the  development  of  today. 

Following  this  outline  of  the  expansion  of  botany  in  general,  I  wish 
to  si>eak  of  three  or  four  of  the  most  notable  advances  made  in  my  own 
si>ecial  region  of  morphology,  and  that  is  tlie  morphology  of  vascular 
plants.  To  me  the  most  striking  feature  of  morphological  progress  dur- 
ing the  last  twenty-five  years  lias  been  the  breaking  down  of  the  old  bar- 
rier set  up  between  what  were  called  cryptogams  and  phanerogams,  the 
barrier  that  sei)arated  fern  i)lants  from  seed  plants.  Not  only  was  this 
felt  to  be  a  solid  barrier,  but  even  in  universities  chairs  of  botany  have 
l)een  distinguished  on  the  basis  of  this  division  of  plants.  If  there  is  any 
place  in  the  wliole  series  of  plants  where  there  is  no  gap  between  great 
groups  it  is  this  very  place.  I  can  call  attention  only  to  two  conspicuous 
facts  that  stand  out  in  this  connection.  One  is  the  discovery  a  few  years 
ago  that  certain  gyranosperms  (cycads)  jmssess  fern-like  swhnming  sperms, 
a  feature  that  associates  these  seed  plants  very  closely  with  ferns.  The 
second  is  tlie  discovery  during  the  present  decade  of  the  great  i>aleozoic 
group  of  fern-like  seed  plants.  All  are  familiar  with  the  fact  that  the 
coal  v<»getation  was  thought  to  be  largely  a  fern  vegetation  because  the 
preserved  leaves  lookeil  like  fern  leaves;  but  it  is  now  recognized  that 
all  of  these  great  frond  groui)s  of  the  coal  vegetation  were  seed-bearing 
l)1ants.  In  fact,  [laleobotanlsts  arc  sure  now  of  only  one  family  of  paleo- 
zoic ferns. 

Another  fnrt  of  c<iual  interest  is  the  uncovering  of  the  so-calle<l  meso- 
zoic  cyc»jids.  These  have  proved  to  be  far  removed  from  the  other  gymno- 
si)enns  in  their  essential  characters.    We  have  a  sort  of  national  pride  in 
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the  uncovering  of  this  singular  group,  because  the  greatest  deposits  are 
in  this  countrj\  The  work  of  Wieland  in  revealing  the  rich  deiwsits  of 
these  plants  in  the  Blaclc  Hills  region  and  in  sectioning  the  cones  with 
admirable  skill  and  patience  is  well  known.  For  the  last  five  months 
Wieland  has  been  exploring  southern  Mexico,  and  has  discovered  a  sec- 
tion 2,000  ft»et  in  thickness  tliat  is  packe<l  with  the  remains  of  tliis  pe- 
culiar group,  making  it  undoubtedly  the  greatest  deiwsit  of  these  i>lantM 
in  the  world.  The^-  are  regarded  now  as  of  great  interest  because  the 
pe<*uliar  structure  of  their  cones  has  suggested  the  possibility  tliat  they 
may  be  a  group  of  g^mnosperms  that  has  given  rise  to  angiospernis. 

Perhaps  another  notal)le  change  tliat  deserves  mention  is  the  practical 
demonstration  of  the  relationship  between  the  two  groups  of  angiospernis. 
It  was  thought  once  that  the  monocotyledons  were  the  more  primitive 
angiosi>erms.  and  that  the  dicotyledons  were  the  more  recent.  We  feel 
assured  now  that  the  monocotyledons  have  been  derived  from  dicotyledons, 
for  every  mon^x*otyledon  starts  with  the  vascular  system  of  a  dicotyledon ; 
and  if  there  is  anything  true  in  the  old  theory  of  recapitulation,  the  rela- 
tionship of  these  two  groups  is  evident. 

Perhaps  the  most  notable  change  in  morphology  is  the  change  in  men- 
tal attitude,  and  particularly  in  reference  to  the  construction  of  phy- 
logenies.  I  remember  that  at  the  early  meetings  of  this  Academy  we  were 
in  the  habit  of  constructing  very  complete  and  satisfactory  phylogeuies. 
We  were  sure  just  how  one  plant  group  descende<l  from  another.  That  is 
always  easy  when  the  facts  are  few;  but  now  that  facts  are  numerous, 
no  one  Is  able  to  construct  a  satisfactory  phylogony.  No  one  imagines  now 
that  any  living  group  has  des<*endod  from  any  other  living  group. 

Another  marl{;ed  advance  is  the  change  of  mental  attitude  in  connec- 
tion with  morphological  work,  in  which  morphology  has  clasi)ed  hands 
with  physiology.  I  can  only  Indicate  some  of  its  results.  It  has  destroyed! 
the  old  rigid  categories.  Botany  was  once  largely  an  extensive  system 
of  terminology.  Now  we  have  juissed  from  the  days  of  terminology  to 
the  days  of  knowio<lge,  and  terminology  no  longer  mas<iuerades  as  knowl- 
edge. Not  on^»  of  th<'  old  dclinitioiis  lias  stood  the  test  of  exporlnieiital 
uiori)hology.  lOxpci-iniciitjil  inorpiiology  has  nlso  helped  to  rid  us  of  thai 
old,  ("aivinistic  notion  of  pHnh'siinalion  in  plant  organs.  ()n<'e  it  was 
thought  that  cvory  prinionlinm  was  destined  to  be  one  i>arti<*ular  structure 
and  nothing  else.     Now  w«»  know  tluit  a  ])rimonliuu)  may  becouio  almost 
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anything  under  appropriate  conditions,  and  is  not  destined  to  be  some 
particniar  structure. 

One  of  tin*  most  iuterestiii;^  iwcnt  results  of  exi)erlni(Mitai  ni<»rplioioj;y 
lias  Ihhmi  tlnit  <»l>talned  in  (\\iH«rinuMital  worlc  on  heterospory.  It  lias  been 
sbown  that  it  is  iM)ssible  to  devel;)p  niej^aspores  from  cells  that  ordinarily 
develop  microspores.  It  is  such  results  that  are  playing  fast  and  loose 
with  our  old  conceptions  of  rigidity  of  structure  and  function. 

I  can  merely  mention  the  field  of  plant  physiology.  If  I  si)eak  of  the 
changes  that  have  taken  place  within  the  last  twenty-five  years,  I  nuist 
show  the  atmosphere  in  which  wc  are  living  by  assuring  you  that  I  am 
not  the  one  to  make  such  a  i)resentation.  In  the  old  days  one  man  taught 
all  there  was  of  botan}'.  and  probably  he  tauglit  all  there  was  of  science. 
Today  I  have  been  compelled  to  ask  a  competent  plant  physiologist  con- 
cerning the  notable  changes.  He  tells  me  that  there  are  two  conspicuous 
changes  in  the  point  of  view.  One  is  the  gradual  i>asslng  of  the  old  vital- 
istic  idea,  which  imi)lied  that  there  was  some  such  thing  as  vital  force  that 
explained  most  things.  Now  the  facts  are  explained,  not  in  terms  of  vital 
force,  but  in  terms  of  chemistry  and  physics.  Another  shifting  ix>int  of 
view  is  a  change  from  the  old  idea  that  form  and  structure  are  the  result 
of  some  nij'stcrious  law  of  development,  to  the  idea  that  form  and  struc- 
ture are  entirely  expressions  of  the  conditions  under  which  growth  has 
l)een  conducted. 

The  very  new  field  of  ecology  at  present  is  in  the  condition  of  these 
other  fields  more  than  a  decade  ago.  Young  fields  are  largely  jokes  to  the 
older  ones;  but  there  has  been  a  change  in  ecology  during  the  last  few 
years.  It  has  passed  from  the  .^tage  of  inchoate  observation.  In  which  in- 
struction In  ecology  could  not  l)e  differentiated  with  distinctness  from  a 
holiday  excursion,  to  methods  of  precision. 

In  conclusion,  as  one  looks  out  over  this  great  progress,  he  finds  that 
it  is  all  r«»ally  an  inevitable  evolution  from  the  stimulus  that  was  given 
first  by  Ilofmeister  in  ISOS  to  morphology,  and  ten  years  later  by  Charles 
Dirwln  to  biology  in  general. 

University  of  Chicago. 
Chicago,  III. 
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Darwin  Fifty  Tears  After. 


By  Dr.  David  Starr  Jordan. 


Scientific  men,  as  a  rule,  do  not  pay  much  attention  to  birthdays ;  but 
certain  anniversaries  have  been  impressed  upon  our  minds  of  late,  and  in 
the  last  two  years  there  have  been  many  celebrations:  The  two  hundredth 
annivor.s:iy  of  Linnaeus,  and  the  one  hundred  and  fiftieth  of  his  great  work, 
**Systcma  Naturje" ;  the  one  hundredth  anniversary  of  the  birth  of  Agasslz, 
the  greatest  teacher  of  science ;  the  one  hundredth  anniversay  of  the  birth- 
day of  Charles  Darwin,  and  the  fifth  anniversary  of  the  publication  of 
"The  Origin  of  Species."  the  greatest  landmark  of  the  history  of  the  nine- 
teenth century.  Twenty-five  years  ago  we  note  another  landmark  of  im- 
port to  us.  It  was  then  that  Amos  Butler  brought  his  Brookville  academy 
to  Indianapolis,  where  its  first  meeting  was  held  on  December  29.  1885.  As 
I  was  just  then  elected  president  of  Indiana  University,  the  youngest  of 
all  the  college  presidents — and  the  greenest — being,  therefore,  by  some 
preferred  to  the  drier  article,  I  was  made  president.  With  this  came  the 
suggestion  that  two  others  who,  like  myself,  had  fought  each  year  on  the 
bloody  sands  of  the  educational  arena  of  Indiana — John  Coulter  and  Har- 
vey Wiley — would  be  my  successors. 

At  that  time  the  idea  of  evolution  was  in  the  air,  the  theory  of  desc^ent, 
that  the  forms  now  living  were  created,  not  by  mysterious  power,  but  by 
the  operation  of  natural  selection  and  the  survival  of  the  fittest.  It  was 
my  fortune  to  have  been  brought  up  as  a  student  of  Agasslz,  having  heard 
all  his  lectures  on  this  subject,  and  inherited  his  prepossessions.  It  was 
my  own  studios  of  animals  which  led  me  little  by  little  to  become  an  evo- 
lutionist, and  I  have  said  that  I  went  over  to  that  view  of  the  case  about 
as  graciously  and  as  willingly  as  a  cat  which  a  boy  draws  across  the  carpet 
by  its  tail. 

I  remember  it  was  out  at  Broad  Ripple,  just  north  of  this  city,  where 
Copeland  and  myself  first  definitely  decided  that  we  were  converts  to  Dar- 
winism. Tlie  little  sand  darter  in  the  river  is  a  sort  of  i)ercli,  but  differs 
from  any  others  in  iinving  very  few  scales,  and  these  very  thin  ones.  We 
testified  to  our  faith  by  an  article  in  which  we  said  that  these  little  animals 
are  derived  from  the  scaly  perches;  that  we  did  not  know  whether  it  has 
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lost  its  smles  btM-MUse  il  Imrios  itself  In  the  s.-nul  ami  does  not  neetl  tlioni. 
or  whether  it  buries  itself  in  the  sand  bei'juise  it  lias  no  scales  and  mHHl^! 
protection,  or  whether  burying:  itself  in  the  sand  there  lias  eonie  to  be  a 
i^radual  selection  of  those  whose  scab's  are  fewest  and  thiiniest.  An^iiow, 
we  were  sure  of  its  origin,  and  that  it  was  descended  from  some  of  the 
other  forms  of  dwarf  perch  to  that  called  the  Johnny  Darter. 

Many  men  before  Darwin  had  taught  the  theory  of  descent,  but  Dar- 
win gave  the  first  rational  exposition  of  how  it  came  about  l>y  natural 
processes.  He  showe<l  that  adai>tation  is  the  natural  result  of  the  sur- 
vival of  the  adapte<l  in  the  strug.<le  for  existence.  Variation  is  every- 
where among  animals  and  plants.  No  two  animals  or  plants  are  ever 
aliive.  There  is  everywhere  a  great  wealth  of  life — more  are  b  irn  than 
can  mature,  and  those  survive  and  live  who  are  able  to  fit  themselves  into 
the  scheme  of  life.  Darwin  did  not  believe  in  evolution  in  vacuo,  tliat  is, 
evolution  wholly  indei)endent  of  external  circumstances  and  conditions, 
but  this  heresy  that  the  laws  of  evolution,  which  are  simply  the  way 
things  come  about,  can  produce  evolution  and  divergence  without  any  ex- 
cei)t  metaphysical  causes,  still  has  a  large  bod^'  of  followers.  It  is.  In  my 
judgment,  one  of  the  heresies  of  the  present  time. 

In  the  evolution  of  any  spe<*ies  in  the  rough-and-tumble  of  life,  we 
have  tliese  four  elements:  Varlatifai,  heredity,  selection  and  segregation. 
Variation  Is  the  starter.  It  is  interwoven  with  the  operation  of  heredity. 
The  favorable  variation  survives,  and  the  animal  or  plant  possessing  it 
gives  rise  to  the  next  generation.    This  is  selection. 

Tlie  oi>eration  of  isolation  is  this:  A  group  becomes  separate<l  by  sonu* 
barrier  which  the  individual  can  not  cross.  Little  by  little  tlie  si>e<*ies  Ik*- 
come  separate<l  into  two  or  ni(»re  species,  one  just  as  well  adapted  as  tlie 
other.  It  is  not  often  that  differences  l>etween  species  are  differences  in 
adai)tation.  It  is  therefore  not  often  that  they  are  due  to  natural  selec- 
tion. The  final  difl'erence,  the  final  polishing  or  rounding  off  of  the  species 
giving  it  its  distinctive  min()r  character,  is  due  to  isolation.  Variation 
and  heredity  are  inside  lh<'  individual.  The  incidents  of  sele<!tlon  and 
isolation  are  of  the  ontside  world.  They  are  part  of  the  modifying  con- 
<litlons  of  life.  Wiflmnt  (oiita<t  wifli  the  outsid**  inrtn<»nces.  In  my  }f^ 
Ilef,  there  Is  no  evolution. 

Darwin  may  be  compared  to  an  exi»lorer  in  a  new  c<mntry.  Pmni 
some  high  point  he  makes  a  map  of  the  country,  locating  its  salient  fea- 
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tures,  its  rners,  lakes,  peaks  and  cUflfs.  The  detail  must  be  worked  out 
by  those  who  come  after,  fii  the  case  of  Darwin  the  map  remains  sub- 
stantially as  it  was,  although  many  have  worked  at  the  various  details 
with  which  the  modern  chart  is  filling  up.  The  discovery  of  the  micro- 
scope has  enabled  us  to  frame  a  rational  theory  of  heredity  and  to  under- 
stand with  some  degree  of  certainty  the  physical  basis  of  the  functions 
of  Inheritance.  The  morphology  of  animals  has  been  very  fruitfully  studied 
by  many  men.  Many  others  have  developed  the  history  of  past  life  on  the 
earth,  and  we  would  have  to  have  a  theory  of  evolution  to  account  for 
this,  if  Darwin  had  not  furnished  one  already. 

The  three  men  most  famous  since  Darwin  are  these:  Wagner,  Weiss- 
ma  iin  and  Mendel.  Mendel  died  before  Darwin  wrote  and  his  work  on  the 
"Heredity  of  Peas"  was  forgotten  until  after  Darwin's  time,  but  has  be- 
come a  very  important  factor  in  our  experimental  studies  of  living  forms 
In  relation  to  Inheritance.  Wagner  was  the  first  one  to  lay  adequate  stress 
on  the  idea  of  isolation  as  a  spe(!ies-formlng  influence.  His  weakness  was 
that  he  rejected  selection  as  an  element,  assigning  to  isolation  the  impos- 
sible task  of  accounting  for  all  the  external  phenomena  in  the  origin  of 
sfiecies.  To  Welsmann  we  owe  more  than  to  any  one  else  our  present 
knowledge  of  heredity. 

Theories  of  less  importance  are  Elmer's  orthogenesis,  which  has  a 
good  deal  behind  it,  and  which  we  shall  probably  accept  if  some  genius 
will  arise  to  tell  us  what  it  means.  It  rests  on  the  fact  that  we  have  many 
long  series  of  animals  which  seem  to  have  progressively  varied  as  time 
went  on. 

The  study  of  the  mutations  of  the  evening  primrose  by  De  Vries  has 
given  many  hints  as  to  possibilities  in  plant  breeding.  I  do  not  believe  that 
the  theory  that  species  are  mainly  or  largely  formed  by  sudden  mutations 
will  survive  the  present  generation  of  De  Vries'  followers,  but  the  Impulse 
given  to  experimental  study  of  plants  will  long  continue. 

More  than  thirty  years  ago  I  used  these  words  in  Indianapolis : 

"Darwin  lies  in  Westminster  Abbey,  by  the  side  of  Isaac  Newton,  one 
of  the  noble  men  of  the  past  whose  life  had  made  his  own  life  possible. 
Of  all  who  have  written  or  siK)ken,  by  none  has  an  unkind  word  been  said. 
Ills  was  a  ;:eiitle,  patient  and  reverent  spirit,  and  by  his  death  has  not 
(»nl,v  science,  Iml  onr  conc'cptiiui  of  <Mirist,  b«M'n  advanced  and  ennobled." 
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Methods  and  MATERiAiiS  Used  in  Soil  Testing. 


By  n.  A.  Huston. 


The  eoiisuniption  of  commercial  plant  foods  In  the  Unitecl  States  has 
reached  ai)proximately  5,000,00(>  tons  and  the  cost  to  the  consumer  is 
nearly  equal  to  the  sum  which  we  formerly  paid  for  imported  sugar,  and 
which  became  the  slogan  in  the  campaign  to  establish  the  beet  sugar  in- 
dustry in  America— ^100,0(X>,000. 

The  industry  is  established,  but  l)y  no  means  stationary.  It  has  In- 
creased at  least  5<>  i>t»r  cent,  during  tlie  past  five  years,  a  very  high  rate 
considering  the  magnitude  of  the  Imsiness. 

In  the  mainifacture  and  c(mtrol  of  these  products  there  is  emi)loyed  a 
large  number  of  chemists,  and  the  Association  of  Official  Agricultural 
Chemists,  now  over  a  quarter  of  a  century  old,  was  originally  formed  for 
devising  suitable  methods  of  analysis  for  these  products.  Thirty-three 
States  have  special  laws  for  fertilizer  inspection.  The  American  Chemical 
Society  recently  organized  a  Division  of  Fertilizer  Chemists,  and  most  of 
our  agricultural  colleges  and  exi)erlment  stations  devote  a  considerable 
amount  of  attention  to  the  subject. 

The  farmer  wants  to  know  the  facts  about  commercial  plant  foods  and 
all  officialdom,  from  the  bureau  chiefs  of  the  National  Department  of 
Agriculture  to  the  local  speaker  at  the  townshli>  farmers'  institute,  un- 
dertakes to  enlighten  him. 

In  those  sections  of  the  country  where  fertilizers  have  been  longest 
used — along  the  Atlantic,  the  eastern  gulf  coast  and  the  upper  Ohio  Val- 
ley— the  experiment  stations  and  (X)ntrol  officials  appreciate  the  magnitude 
and  Importance  of  the  Industry  and  understand  Its  vital  relation  to  crop 
production.  In  marked  contrast  to  this  Is  the  state  of  affairs  In  the  greater 
part  of  the  great  area  drained  by  the  Mississippi,  where  the  most  of  our 
maize,  wheat  and  oats  are  i)roduced.  Here  we  find  also  the  curious  com- 
bination  of  land  rapidly  Increasing  In  money  value  and  at  the  same  time 
declining  In  productiveness,  while  the  cost  of  farm  labor  Is  Increasing. 
These  circumstances  cause  the  farmer  to  Inq^ulre  how  his  crops  may  be 
Increased  and  whether  commercial  plant  foods  may  be  profitable  in  this 
connection. 
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Some  thirty-fivo  years  a^^o  the  winter  wheat  growers  of  the  Ohio  Val- 
ley began  t<»  nse  fertilizers,  nioHt  uf  the  material  beiDg  the  side  product* 
<»f  the  packing  h<mses,  mainly  bone  meal.  Very  profitable  results  were 
secured  and  the  trade  rapidly  increased.  In  time  acidulated  goods  were 
introduced,  often  being  mixtures  of  equal  parts  of  acid  phosphate  and 
bone.  Later  came  the  "complete"  fertilizer,  being  ammonia  2,  available 
phosphoric  acid  8,  and  potash  2  per  cent.  This  is  still  the  so-called  basal 
formula,  that  is,  the  one  ustHl  as  a  starting  iK)int  in  calculating  the  trade 
value  of  goods  with  different  formulas.  About  tw<.>-thirds  of  the  fertilizer 
used  in  that  section  consist  of  complete  fertilizer;  the  use  of  bone  and  ani- 
moniated  phosphate  is  declining  and  the  use  of  mixtures  of  acid  phosphate 
and  potash  is  rapidly  increasing.  Common  applications  for  wheat  are  from 
one  to  two  hundred  pounds  per  acre,  and  it  is  almost  invariably  applied 
with  a  fertilizer  attachment  at  the  same  time  the  seed  is  sown.  The 
etficlency  of  the  fertilizer  in  securing  a  stand  of  clover,  the  8t»ed  of  which 
is  sown  before  the  wheat  starts  its  spring  growth,  is  a  iK)Int  to  which  the 
farmers  attach  considerable  imi>ortance  and  the  increase  in  clover  pro- 
duction may  in  part  account  for  the  reduction  in  the  amount  of  nitrogen 
in  the  fertilizers  now  used  as  compared  with  that  used  at  an  earlier  period. 

The  use  of  fertilizers  gradually  extend  to  other  crops,  but  fully  two 
thirds  of  the  fertilizer  sold  in  the  Ohio  Valley  are  used  on  winter  wheat 
The  general  tendency  in  composition  has  been  to  reduce  the  nitrogen  and 
increase  the  potash,  while  the  phosphoric  acid  has  remained  practically 
unchanged.  Ready  mixcni  brands  are  the  rule,  home  mixing  the  rare 
exception. 

It  is.  however,  unnecessary  to  state  that  much  of  this  plant  food 
has  been  used  in  a  most  haphazard  way  and  that  both  buyer  and  local 
seller  knew  little  about  the  composition  of  the  goods  sold  or  their  fltnev 
for  the  crop  or  soil  on  which  they  were  to  be  used. 

The  one  thing  which  stood  out  very  clearly  was  that  they  paid;  that 
by  their  use  good  crops  of  wheat  couhl  be  secured  where  unprofitable 
crops  grew  before;  and  that  a  stand  of  clover  or  grass  could  be  secured, 
a  suitable  rotation  of  crops  established  and  maintained,  and  that  the  coat 
of  the  fertilizer  was  returned  many  fold  in  the  increase  of  wheat  grain 
alone.  Ten  pounds  of  fertilizer  costing  from  ton  to  fifteen  cents  produced 
on  the  average  an  increase  of  a  buslicl  of  wheat.  This  condition  exists 
ovvr  iwxuh  of  tho  winter  wheat  belt  <'xten(ling  from  Kansas  east  and  cwn- 


prising  an  area  of  i)robably  200.000  square  miles.  Tliese  facts  have  ex- 
isted tc»o  long  and  cover  too  nnieli  territory  to  be  ascribed  to  local  i>ecu- 
laritles  of  soil  or  season.  The  wh<*ar  grower  Iviiowa  that  fertilizers  pay. 
But  as  brands  multiplied  the  question  arose  which  is  the  more  profitable, 
and  many  made  simple  tests  of  dilTerent  brands  in  which  the  popularity 
of  the  local  agent  received  more  consideration  than  the  amount  and  kind 
c»f  plant  fooil  in  the  goods:  they  obtained  the  confusing  results  that  might 
have  been  exi>ecte<l  under  these  conditlcnis.  Better  informed  farmers  ap- 
plied to  their  exijeriment  stations  and  agricultural  colleges  f«)r  aid.  antl 
in  most  cases  were  surprised  to  be  told  either  that  connnercial  i)lsuit  footls 
<lid  not  pay  or  that  they  were  unnecessary. 

An  examination  of  the  records  of  field  tests  conducted  by  experiment 
stations  in  the  winter  wheat  se<?tlon  shows  that  many  experiments  have 
been  made,  e^ecially  on  wheat,  and  that  most  of  them  have  been  reported 
unprofitable.  This  apparent  confilct  between  the  results  of  practical  and 
8<*ientific  agriculture  has  to  some  extent  prevented  the  extension  of  the 
sale  of  plant  food  to  territory  where  it  wjis  very  much  needed.  One  may 
fairly  inquire  why  the  results  of  the  exi)erimental  field  tests  differ  so 
widelj^  from  the  results  obtained  in  ordinary  farm  practice  in  the  same 
sections. 

First,  we  may  consider  certain  things  that  are  general  in  their  nature. 
Many  exi>erlments  are  reported  where  relatively  heavy  applications  of 
farm  yard  manure  have  been  compared  with  applications  of  various  brands 
and  quantities  of  fertilizers  without  any  clear  statement  or  apparent 
knowledge  of  the  composition  of  the  latter.  Such  exrierlments  are  almost 
Invariably  reported  as  showing  that  manure  Is  more  profitable  than  the 
fertilizer,  which  is  not  strange  In  view  of  the  fact  that  In  the  valuations 
the  full  cost  of  the  fertilizer  is  charged  up,  while  to  the  manure  is  charged 
only  the  cost  of  hauling.  In  such  reports  there  is  often  a  very  clear  Inti- 
mation that  the  result  is  quite  in  line  with  the  i)reconccived  notions  of 
the  experimenter  and  that  in  discouraging  the  use  of  "expensive  fertil- 
izers" he  is  at  least  telling  farmers  what  they  like  lo  hear  even  though 
it  conflicts  with  what  they  need  to  know. 

The  method  of  application  of  the  plant  food  Is  in  many  cases  resjwn- 
slble  for  a  considerable  part  of  the  dltference  observed  between  field  prac- 
tice and  plot  exi)eriments.  Application  with  the  drill  at  the  time  of  sow- 
ing small  grains,  which  Is  the  common  method,  freijuently  gives  profitable 
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results  wlieii  the  same  niiionnt  niul  kiiul  of  fertilizer  applied   broadcast 
is  iiiiprofital)le,  and  the  same  remark  applies  to  light  applleatlous  on  maize. 

One  of  tlio  ])rin(ii)al  reasons  for  unproHtable  results  from  plot  tests 
is  found  in  failure  to  make  a  distinction  between  the  fertilizatloii  of  crops 
producing  high  money  values  i>er  acre,  like  truck  and  fruit,  where  the 
whole  i)lant  food  supply  may  be  profitably  secured  from  chemlcjil  manures, 
and  such  crops  as  wheat,  oats  and  maize,  where  the  chemical  fertilizers 
must  be  used  to  supplement  and  balance  the  supplies  from  the  soil,  fann 
yard  and  legume  tield.  The  cost  of  full  rations  of  commercial  nitrogen 
can  only  occasionally  be  recovered  in  the  wheat  crop  and  rarely  if  ever 
in  the  case  of  oats  and  maize.  Double  rjitious  of  phcwphoric  acid  are  often 
protltable  and  from  one-half  to  full  ratitms  of  potash.  In  most  of  the 
early  plot  exi)eriments  full  rations  were  used,  and  sometimes  the  cost  of 
the  fertilizer  for  maize  was  greater  than  the  total  sum  received  for  the 
crop  even  when  the  yields  were  goml. 

Perhaps  the  contrast  lK*twcM?n  the  i»lot  tests  and  the  farm  practice 
can  be  shown  better  in  the  fonn  of  the  amounts  i>er  acre  and  the  formula. 
In  some  of  the  wheat  plot  tests  extending  over  twenty  years  the  fertlllier 
is  the  equivalent  of  500  pounds  per  acre  of  goods  having  formula  of  nitro- 
gen 10  per  cent.,  phosphoric  acid  5  per  cent,  and  potash  (J  per  cent. ;  at  the 
same  time  this  series  was  started  the  common  wheat  fertilizer  was  100  to 
200  pounds  per  acre  of  2-8-2,  which  has  gradually  changed  to  2-8-tJ;  nitro- 
gen is  sometimes  increased  to  li  per  cent.  The  maize  series  of  plots  re- 
ceived the  e(piivalent  of  1,000  lumnds  jier  acre  of  a  gotxls  liaving  a  formula 
of  nitrogen  12  i)er  cent,  phosphoric  acid  4  per  cent,  and  potash  t>  jier  cent, 
while  farm  practice  on  maize  uses  100  to  800  i>t)unds  ix»r  acre  of  goods 
having  little  or  no  nitrogen  and  containing  from  5  to  10  per  cent,  phos- 
phoric acl<l  and  4  to  10  j)er  cent,  of  potash.  For  clay  soils  a  c*OQunon 
maize  fertilizer  is  0-10-4,  for  loams  0-8-H  and  for  black  sandy  soils  0-6-10, 
while  on  the  peat  or  muck  soils  1(K)  pounds  per  acre  of  muriate  of  potash 
or  its  ecpiivalent  in  kalnit  are  conniionly  useil.  A  small  amount  of  nitro- 
gen is  sometimes  added,  usually  abcait  1  per  c^nt. — rarely  over  2. 

The  cost  i)ei'  acre  of  the  maize  fertillzntion  would  be  about  $30  for 
the  plot  work  and  from  .$1  to  $4  per  acre  for  the  fertilizers  commonly  used. 
The  cost  per  acre  of  the  wheat  fertilization  would  be  about  $15  for  the 
plot  work  and  from  $1  to  $3  per  acre  for  the  fertilizers  commonly  used. 

In  general  it  may  be  said  that  the  fertilizers  used  on  wheat  and  maise 
furnish  about  as  much  phosphoric  acid  as  the  crop  removes,  rarely 
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much  as  one  half  ration  of  potash  and  never  over 'one-fifth  ration  of  nitro- 
gen, while  the  plot  experiments  have  undertaken  to  supply  full  rations  for 
a  full  crop,  which  is  fully  double  an  average  crop. 

The  quantities  of  fertilizer  used  in  the  plot  tests  mentioned  above 
seem  quite  absurd  to  the  American  grain  grower,  yet  they  are  very  con- 
servative compared  with  another  set  inaugurated  at  about  the  same  time 
in  which  2,000  pounds  of  acid  phosphate,  000  pounds  of  sulphate  of  potash 
and  600  pounds  of  sulphate  of  ammonia  i)er  acre  were  used,  or  with  an 
extensive  set  of  orchard  exi>eriments  in  which  the  plans  called  for  the 
application  of  40  pounds  of  muriate  of  iwtash  with  corresponding  amounts 
of  nitrogen  and  phosphates  to  each  two  year  old  tree. 

In  the  case  of  the  plot  oxiieriments  conducted  for  the  purpose  of  de- 
termining tlie  value  of  the  different  plant  foods,  the  excessive  quantities 
have  often  caused  a  profit  to  be  shown  for  only  the  particular  plant  food 
which  was  most  deficient,  while  if  more  reasonable  quantities  had  been 
used  each  would  have  shown  a  profit.  It  is  not  unusual  to  find  reports 
of  these  experiments  that  recommend  the  use  of  a  single  plant  food  as  all 
that  is  necessary  merely  because  it  was  the  one  that  chanced  to  give  the 
largest  profit. 

As  compared  with  this  line  of  plot  experiments  with  full  rations  we 
may,  perhaps,  devote  a  moment  to  results  of  plot  experiments  where 
amounts  and  formulas  generally  used  in  farm  practice  were  taken  as  a 
basis. 

On  a  typical  worn  clay  wheat  land  an  experiment  was  undertaken  on 
the  basis  of  300  pounds  per  acre  of  goods  containing  nitrogen  3  per  cent 
available  phosphoric  acid  10  per  cent  and  potash  6  per  cent,  each  element 
being  omitted  in  turn  in  the  usual  way. 

The  following  results  were  obtained : 


Fertilizers  applied 

per  acre. 

Equal  to — 


300  lbs.  3-10-6 
300  lbs.  0-10-6 
300  lbs.  3-  0-6 
.300  lbs.  3-104) 
None 


Yield, 
bushels 
per  acre. 

Reduction  from 

Omitting 

Nitrogen. 

Phos.  Acid. 

Potash. 

All. 

33.8 
29 . 1 

7.6 
25.0 

6.5 

4.7 

■    ••••• 

26.2 

•   ■   •   • 

8.8 

•    •   ■   • 

27.3 

■ 
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The  nitrogen  in  the  fertilizer  0(»st  per  acre |1  80 

Tlie  phosphoric  acid  cost  per  acre 1  5U 

rhe  [)otash  cost  per  acre I  10 


'M 


The  complete  fertilizer  cost  i)er  acre ^M  4U 

The  nitrogen  increased  the  crop  4.7  hushels  at  a  cost  of  $1.80,  the 
idiosphoric  acid  increased  it  2G.2  bushels  at  a  cost  of  |1.50,  while  the  pot- 
ash increased  it  8.8  bushels  at  a  cost  of  $1.10.  As  wheat  sold  at  90  cents 
l>er  bushel  it  will  be  seen  :\t  a  glance  that  all  the  plant  f<K)ds  were  used  at 
a  profit,  althougli.  of  c*ourse,  we  are  not  in  a  position  to  show  that  the 
combination  is  the  one  most  profitable.  Nor  do  we  know  that  this  was 
the  most  profitable  amount.  We  do  know  that  it  was  very  profitable  even 
neglecting  the  value  (»f  the  increase  in  the  straw  and  the  very  strikini;; 
effect  on  the  clover  which  followeil  the  wheat. 

The  exi)eriment  is  a  typical  one  for  soils  in  the  winter  wheat  t)elt 
and  numerous  others  could  be  given  showing  results  of  just  the  same  char- 
acter and  even  more  striking  in  profits. 

The  figures  show  how  the  lack  of  phosphoric  acid  limited  the  crop, 
and  they  serve  to  explain  why  bone  gave  such  increases  on  these  soils  that 
for  nearly  a  generation  it  was  considered  the  only  profitable  thing  to  use. 

In  another  series  at  a  different  place  the  amounts  of  the  plant  foods 
were  varied,  but  the  season  was  so  unfavorable  that  the  crop  was  limited 
by  other  considerations  than  plant  ftKxl,  the  maximum  crop  being  only 
about  13  busiieis  per  acre  and  that  of  the  unfertilized  plots  being  only 
2  bushels. 

Ill  thes«?  cxi>eriineuts  the  nitrogen  is  supplied  from  bkxxl,  the  phos- 
phoric acid  from  precipitatcMl  calcium  phosphate  free  from  gypsum,  and 
the  potash  from  muriate  of  potash,  the  puriK)se  being  to  use  materials 
exerting  as  little  indirect  effect  as  possible. 

This  matter  is  too  often  overlooked  in  planning  such  experiments. 
and  for  a  considerable  time  the  indirect  effects  may  be  so  great  as  to  mis- 
lead one  who  does  not  take  them  into  consideration.  Thus  the  gsrpsom  In 
ordinary  acid  i>liospliato.  amounting  to  about  one-third  of  Its  weight  and 
tlio  sodium  in  tlic  iiitralc.  may  cacli  release  so  much  i)otaah  from  zeolites 
ii!  tlic  soil  lli.it  tlic  plot  witli  nitrate  a<'i<l  |)hosi)hate  and  i)otash  may  show 
little  if  any  increase  over  that  with  nitrate  and  acid  phttsphate.  Compara- 
tively few  experiments  exist  which  liave  been  conducted  long  enough  awt 
in  such  a  way  as  to  shed  much  light  on  the  extent  to  which  the  Indirect 
effects  mask  the  direct  effects. 
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In  siH-li  nises  one  always  turns  to  tho  admirable  work  at  Uothaniste<l 
r«>r  help  and  the  constantly  inereasinj^  difference  l>etween  the  yields  of 
plots  11  and  13  Broadbalk  Field  seem  to  show  that  the  indirect  effects  are 
decreasing.  The  g}i)sum  ahme  on  plot  11  would  theoretically  release  00 
lK>unds  per  aci*e  of  potash  annually  while  the  total  annual  application  of 
I)otash  on  plot  13  is  100  pounds.  The  theoretical  amount  of  potash  that 
could  be  releaseil  by  the  bases  in  the  minerals  used  on  the  fully  fertilized 
plots  at  Rothamsteil  amounts  to  about  400  pounds  of  i)otash  per  acre  an- 
nually while  the  potash  applied  in  sulphate  amounts  to  100  pounds.  While 
Director  Hall  has  clearly  pointed  out  the  difference  between  the  early 
years  and  the  later,  too  many  who  use  Rothamsted  results  to  fortify  tlieir 
arguments  simply  take  the  average  for  the  whole  i>eriod  and  neglect  to 
consider  the  results  by  decades. 

Especially  when  we  wish  to  secure  indication  of  soil  needs  as  promptly 
as  possible  should  we  take  pains  to  use  materials  that  will  exert  as  little 
indirect  effect  as  i>ossible.  By  using  blood  as  a  source  of  nitrogen  and 
gypsum  free  preci[)ltated  phosphates  as  the  s(nirce  of  phosphoric  acid  we 
can  remove  most  of  these  indirect  effects  and  at  the  same  time  use  ma- 
terials easily  secured  and  of  high  availability. 

Another  iK)int  that  is  never  c<msidered  in  planning  the  plot  tests  in 
the  section  under  consideration  is  tlie  marked  difference  in  the  fixing 
power  of  soils  f<M*  plant  foods  and  the  firmness  with  which  they  hold  them. 
This  is  rouglily  recognized  in  i)roviding  for  an  excess  of  phosphoric*  acid 
in  commercial  formulas  Init  is  seldom  considered  in  i)lot  tests. 

The  plot  tests  in  most  cases  have  simply  been  cojiied  from  i>lans  mude 
before  the  nitrogen  gathering  p<»wer  of  bacteria  ass()<-iate<l  with  legmnes 
was  understood  and  sometimes  altere<l  beciiuse  of  the  injurious  effect  of 
the  excessive  nitrogen  applications  or  too  often  abandoned  altogether  be- 
cause the  growth  of  the  institution  demanded  the  land  for  other  puri>oses. 
The  frequent  changes  in  the  staff  of  workers  has  also  interfered  seriously 
with  both  the  conduct  of  the  work  and  the  interpretation  of  the  results. 

Tlie  condlti<ms  in  the  winter  wheat  section  of  tlie  United  States  are 
such  that  large  cro])s  nuist  be  prtnlnced  in  order  to  realize  a  suitable  re- 
turn on  the  stalling  value  of  the  land  and  the  money  s])ent  for  farm  labor. 
'Hie  small  grain  crops  are  s«)  relatc<l  culturally  with  the  clover  croi)  tint 
they  are  almost  necessary  in  a  r.tatioii  if  we  <»xpect  to  utilize  our  m  )St 
widelv  distributed  legume  as  a  source  of  nitn:gcn. 


Hk  rbemlcttl  indostries  supplying  plant  foods  and  the  purchaser  of 
^  pr'j«la^rtit  wouM  Nitb  be  greatly  benefited  by  the  inaagoration  at  our 
•»;^rijftent  stations  In  the  grain  growing  section  of  experiments  properly 
^'^Afi^d  Vp  ¥ffl\e  the  question  of  the  most  profitable  method  of  supplement- 
:r^  the  plant  f<jod  resources  of  the  farms. 

rp  to  the  r»resent  time  it  must  be  confessed  that  the  purely  euipirical 
CMitiMls  of  the  fertilizer  manufacturers  have  produced  results  that  yield 
rh^  farmer  better  returns  than  anything  derived  from  the  experiments 
frt;irt^  under  the  old  system  by  the  educational  institutions  in  the  grain 
Rowing  section,  but  these  are  far  from  l)eing  the  l)est  obtainable.  Both 
fanner  and  fertilizer  manufacturer  need  the  help  of  the  educational  insti- 
tnti^ms  In  the  direction  of  securing  facts  relative  to  the  most  profitable 
methfids  of  utilizing  plant  foods  in  the  production  of  our  great  cereal  crops 
— fatitM  that  will  help  and  not  discourage. 

Rut  such  experiments  must  take  into  consideration 

The  kind  of  materials  to  use, 

The  avoidance  of  indirect  effect.**. 

The  right  methods  of  application, 

The  question  of  the  most  profitable  amount,  and  finally 

The  rational  interpretation  of  the  results  obtained. 

German  Kali  Works,  Chicago,  111. 
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Federal  Control  of  International  and  Interstate 

Waters. 


By  Babton  W.  Evermann. 


Mr.  Presideut,  Members  of  tlie  Academy — I  shall  t-ilk  a  very  few  min- 
utes on  this  subject.  The  idea  of  federal  control  in  matters  i)ertaining  to 
flsheries  and  game  is  a  recent  one,  and  one  of  recent  and  gradual  develop- 
ment. I  think  perhaps  the  idea  was  first  advanced  in  connection  with  the 
cnmtrol  of  migratory  birds.  Ornithologists  and  others  interested  in  the 
preservation  of  birds  realized  a  number  of  years  ago  that  the  state  laws 
of  the  various  states  were  inadequate  for  the  control  of  migratory  birds. 
A  bird  today  is  in  Louisiana  or  Alabama,  tomorrow  in  Tennessee,  next  week 
in  Kentucky,  then  Indiana,  then  Michigan,  and  the  game  laws  in  the 
different  states  are  different.  In  some  of  these  states  there  would  be  a 
law  adequate  for  the  protection  of  migratory  birds  as  they  went  north 
or  south,  but  in  tlie  next  state  into  which  they  went  there  would  be  no  law, 
so  that  migratory  birds  received  very  inade(]uate  protection  or  no  protec- 
tion at  all. 

The  first  bill  that  was  introduced  into  Congress  that  had  any  bearing 
on  this  question  was  Introduced  by  George  Shlras  III,  of  Pittsburg.  In 
this  bill  he  i)rniK)sed  that  the  Federal  government  should  take  over  the  con- 
trol of  the  regulations  for  protecting  migratory  birds.  A  little  later  the  idea 
expanded  and  Mr.  Shlras  introduced  a  bill  in  Congress  providing  for  the 
protection  of  migratory  fishes.  His  attention  had  been  called  to  the  fact 
that  in  the  Atlantic  coast  States  there  is  no  law  ade<pmte  to  protect  the 
shad  and  other  migratory  fishes.  The  diiliculty  existed  in  all  of  the 
streams  where  migratory  fishes  came,  but  particularly  in  those  streams 
which  lie  between  two  States  and  which  are  <*ontrolled  by  two  or  more 
States.  The  Potomac  River  was  taken  as  an  illustration.  The  laws  of 
Virginia  on  one  side  and  Maryland  on  the  other  were  never  the  siime,  and 
at  the  same  time  it  was  legal  to  fish  in  one  State  and  Illegal  in  the  other. 
The  Inevitable  result  was  a  series  of  evasions  of  the  law  by  the  fishermen 
of  these  States. 

The  Columbia  River  Is  another  Illustration,  perhaps  the  most  serious 
of  all.    There  you  have  Montana,  Idaho,  Washington  and  Oregon,  all  con- 
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femed  in  the  (Niluinbin  Uivcr.  Idaho  :iiid  Montana  are  not  seriously  in- 
torr»Ht«cl  in  tli*»  salmon.  iMit  Wasliinirtcii  aiul  i^vi^un  ;\rv  lK>th  vitally  in- 
♦en»Mt(»d  In  tlH»  salnion  ftHlipri»*s  of  that  sireain.  Unt  thpj<o  two  States 
have  never  lM»en  able  to  ajfr<*<»  upon  rnm-urrent  letrislation  which  adequately 
prote<rtH  the  flHlieries,  and  tbingK  have  jrnie  from  bad  to  worse.  Two  years 
njjo  an  effort  was  made  by  certain  i»e)ple  Interested  to  restrict  the  taking 
of  salmon  in  the  ui»i>er  ('olumbia  by  cutting;  out  the  use  of  certain  kinds 
of  ap])flratUH.  This  matter  was  referre<l  tc»  the  i»eople  in  Orejron.  and  at 
the  same  time  thos<»  who  were  iiitereste<l  In  the  tisheries  hi  the  uppr  (.%>- 
lumbia  had  a  similar  «|uestion  submltteil  to  the  ]>eople  stopping  fishing 
In  the  lower  river,  and  a  very  curious  result  followed.  The  people  said  it 
would  lie  a  ffor»d  thing  to  restrict  fishing  in  both  parts  of  the  river,  so  both 
amendments  carried,  and  the  inevitable  result  followed  that  neither  is 
enforcwl,  illustrating  very  clearly  the  impossibility  of  two  or  more  States 
agreeing  upon  adecpiate  measures  in  questions  of  that  kind. 

Then  the  question  came  up  as  to  the  control  of  the  fisheries  in  inter- 
national waters.  The  questicm  there  has  for  nmny  years  been  a  serious 
<  lie.  particularly  on  Lake  Erie.  That  lake  has  abutting  on  it  four  States 
on  this  side  of  the  line — Michigan,  Ohio,  Pennsylvania  and  New  York — 
and  the  province  of  Ontario  on  the  other — five  iiolitical  units  that  are  all 
Interested  in  the  fislieries  of  Lake  Erie,  and  no  two  having  the  same  laws, 
so  that  at  one  time  It  would  be  legal  to  fish  at  a  certain  distance  from  the 
siKire  and  with  certain  apparatus  off  that  narrow  portion  of  Pennsylvania 
which  fronts  on  Lake  Erie,  and  just  beyond  that  narrow  strip  in  Ohio  or 
.New  York  It  w(mld  lie  illegal,  and  there  was  c  nistant  difficulty  to  keep 
the  fishermen  of  one  State  within  the  strip  In  which  they  had  a  right  to 
fish;  and  the  regulations  (;n  our  side  were  in  every  ca.se  entirely  different 
from  those  on  the  Canadian  side,  so  that  friclhm  followed  there.  It  was 
impossible  for  the  Individual  States  to  liandle  this  question,  and  in  that 
way  the  tpiestion  of  federal  control  came  uj). 

In  addition  to  these  questions,  and  of  more  recent  development  per- 
haps, has  r»ome  the  <piestlon  of  the  desirability  of  federal  control  of  inter- 
state waters  and  other  waters  in  the  matter  of  luibllc  health.  We  have  a 
g(K)d  Illustration  of  the  necessity  for  this  In  the  Potomac  River.  Wash- 
ington (Mty  has  s<»metimes  suflfertMl  from  an  epidemic  of  typhoid  fever, 
and  investigation  has  shown  again  and  again  that  the  source  of  Infection 
was  not  In  the  l)Istri<-t  of  Columbia,  but  was  brought  from  some  plnr*e 
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else;  and  carrying  the  investigation  still  further  it  has  been  proved  on 
more  than  one  occasion  that  Cumberland,  Maryland,  is  responsible  for  at 
least  some  of  the  typhoid  epidemics  at  Washington.  The  waters  of  the 
Potomac  l>ecome  infected  at  Cumberland,  many  miles  above  Washington, 
and  the  germs  are  carried  from  there  and  i)eople  infected.  The  District  of 
(!olumbia,  of  course,  is  absolutely  powerless  in  the  premises;  it  can  do  noth- 
ing?. The  State  of  Maryland  has  done  nothing,  and  the  outlook  is  not  en- 
itiuraging.  I  do  not  believe  Maryland  will  do  anything  to  remedy  the 
difficulty.  It  affects  not  only  the  District  of  Columbia,  but  every  town 
lietween  Cumberland  and  the  District  of  Columbia,  so  that  in  that  case 
the  matter  of  public  liealth  is  concerned  in  Maryland,  the  District  of  Co- 
lumbia and  Virginia. 

A  little  more  than  a  year  ago  the  United  States  and  Great  Britain 
entered  into  a  treaty  providing  for  the  appointment  of  an  international 
Fisheries  Commission,  with  power  to  draw  up  regulations  governing  the 
fisheries  in  international  waters  between  the  United  States  and  Canada. 
That  treaty  specitied  the  waters — from  Passamaquoddy  Bay  on  the  east 
to  Puget  Sound  on  tlie  west — taking  in  all  of  the  Great  Lakes  except 
Michigan.  As  I  see  it,  the  principal  point,  the  principal  necessity  for  that 
treaty  was  to  secure  a  set  of  uniform  regulations  for  these  waters.  Un- 
der it,  fishing  on  one  side,  in  Canada,  and  in  Ohio,  Pennsylvania  or  New 
York,  on  the  other,  as  far  as  Lake  Erie  is  concerned  would  be  the  same. 
There  would  not  lie  the  conflicts  which  now  exist.  It  does  not  seem  to 
me  that  that  treaty  was  necessary  in  order  that  the  Federal  government 
might  take  contn)l  of  the  lisheries  in  these  waters,  and  f<u*  some  reasons 
it  would  have  l>een  better  if  they  could  have  brought  about  federal  cf»ntrol 
of  fisheries  in  these  waters  witliout  entering  into  a  treaty  between  the 
two  countries.  There  may  be  s<mie  little  risk  in  giving  a  foreign  nation 
a  hand  in  determining  what  shall  be  the  regulations  in  the  waters  of 
Ohio,  of  Michigan,  Pennsylvania  or  New  York,  and  make  it  impossible 
for  the  Uniteil  States  to  change  the  fisheries  regulations  on  our  side  of 
the  line  witliout  tiie  consent  of  anotlier  country.  But  that  may  be  laid 
aside  as  a  matter  of  st»coii(lary  importance. 

One  of  tlie  first  men  to  lR»come  inierested.  to  nM'oguize  the  importance 
of  tlie  (luestioii  of  I'lHleral  control  in  tliese  matters  was  ({eorge  Shiras 
III,  a  grandson  of  Cliief  Justice  Shiras,  an  angler,  sportsman  and  all- 
round  naturalist,  who  is  ver^'  nuich  int crest e<l  ip  the  preservation  of  j^ame 
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and  migratory  birds.  He  first  become  interested  in  the  protection  of  mi- 
gratory birds,  then  fishes,  and  then  in  the  larger  question  of  all  animal 
life  in  the  streams  which  cannot  receive  adequate  protection  from  indi- 
vidual States,  and  from  that  he  has  taken  up  the  question  of  iH)llutioa  of 
streams,  and  it  has  been  shown  by  him  and  by  others  that  the  Federal 
government  always  had  iwwer  to  control  interstate  and  interna tional 
waters  in  all  matters  of  navigation  and  fisheries  and  public  health,  be- 
cause these  tliree  questions  are  larger  than  the  interests  of  individual  po- 
litical units.  The  Federal  government  has  exercised  that  power  in  the 
matter  of  navigation,  but  it  has  never  exercised  it  In  matters  of  fisheries 
or  public  health — the  jiolhition  of  streams.  But  that  it  has  that  power  and 
can  exercise  it  whenever  it  wishes  to  do  so.  and  that  it  is  perfectly  con- 
stitutional, I  have  no  doubt  in  my  mind,  and  I  think  the  time  is  coming 
soon  when  it  will  be  done.  In  this  day  when  the  question  of  public  health 
is  being  agitated  and  considered  so  seriously,  and  when  we  understand 
more  fully  than  we  ever  did  before  the  sources  of  disease  epidemics,  when 
we  realize  more  and  more  that  the  question  is  broader  than  the  bound- 
aries of  a  single  State,  it  Is  clear  that  this  question  is  a  question  whidi 
must  be  handled  by  the  Federal  government  and  cannot  l>e  handled  by 
the  individual  States. 

In  the  treaty  between  the  United  States  and  Great  Britain,  as  you 
doubtless  know.  President  Jordan  was  ai>pointed  commissioner  repi^esent- 
ing  the  United  States,  and  Prof.  Edward  E.  Prince  to  represent  (.^anada. 
and  these  t>vo  commissioners  have  gone  over  the  boundary  line  fnmi 
St,  Johns  to  Vancouver,  and  at  the  end  of  last  May  they  submitted  their 
rei>ort  to  the  respective  govennnents,  a  report  embracing  a  set  of  rec- 
ommendations— some  sixty-six  in  number — which  they  ho|)e  will  control 
in  a  satisfactory  way  the  fi.shing  in  international  waters.  That  report  will 
be  made  pul>llc.  doubtless,  s(H>n  after  Congress  meets.  It  will  go  to  Con- 
gress and  to  Pjirlian)ont.  where  the  necessary  j>rovlsi(ms  for  enforcing 
these  regulations  will  i»e  provided.  As  it  now  stands.  Canada  already  ha« 
the  machinery  which  is  neeiled  to  enforc^e  the  regulations  on  her  ride 
of  tlie  line.  She  has  a  very  etticient  system  of  patrol,  facilities  and  lueo 
and  means  to  enfone  her  fisheries  regulations  far  l)etter  than  they  are 
enforced  on  tliis  side  of  tiie  line,  particularly  in  Puget  Sound.  There  i^ 
no  such  maciiinery  on  this  side  of  tlie  line  for  enforcing  any  set  of  Iteh- 
eries  regulations,  because  the  matter  has  l>een  and  is  now  in  the  bands 
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of  tlie  re8iK>otive  States.  Each  State  has  Its  own  machinery;  but  under 
the  tenns  of  the  treaty  It  would  seem  that  the  Federal  government  is 
morally  bouinl  to  provide  the  necessary  machinery  for  doing  as  well  on  this 
side  of  the  line  as  ('anada  is  doing  on  the  other. 

Now,  if  it  turns  out,  ns  we  believe  it  will,  that  this  is  the  beginning 
of  federal  control  in  all  of  these  large  and  important  streams,  then  will 
come  federal  control  not  <mly  of  International  waters,  but  interestate 
streams,  and  in  all  matters  of  iiollution  of  any  and  all  streams. 

Mr.  Shiras  cites  a  number  of  cases:  The  State  of  Missouri  vs.  Chi- 
cago Drainage  Canal,  in  which  the  decision  of  the  court  showed  that  the 
question  is  one  larger  than  the  State  of  Illinois  and  the  State  of  Mis- 
souri, and  that  the  Federal  government  must  take  it  up.  A  similar  case. 
Kansas  City  vs.  The  State  of  Colorado,  the  decision  of  the  court  pointed 
to  the  same  view.  And  tliere  is  every  reason  to  believe  that  the  Supreme 
(^ourt  will  uphold  these  decisions. 

Bureau  of  Fisheries, 
Washington,  D.  C. 
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TnK  Spekd  of  MiGRATrNO  Salmon  in  the  CoTiTiMBTA  Rivrk. 


By    (/HAS.   W.  (JRHllNK. 


(Abstract.)' 

In  the  solution  of  this  problem  I  devised  a  scheme  whereby  imlividual 
fishes  coiikl  be  given  individual  tags  that  would  render  identification  ab- 
solutely certain  if  the  fish  should  be  recaptured.  This  plan  was  nothing 
more  or  less  than  the  use  of  the  conventional  stock-marking  aluminum 
buttons.  These  buttons  are  light  and  cannot  be  torn  apart  and  they  carry 
serial  numbers  cm  one  face;  on  the  other  can  l)e  placed  such  special 
marks  as  one  may  select. 

On  August  14.  1908.  I  marked  fifty-nine  fish  at  Sand  Island,  just  with- 
in the  mouth  of  the  Columbia  River.  These  fish  were  liberated  in  the 
river  in  the  hope  that  sonip  would  be  retaken,  and  thus  we  might  glean 
the  story  of  their  migration.  The  fish  were  marked  by  inserting  num- 
bered buttons  through  the  caudal  fin. 

Seventeen  of  the  fifty-nine  fish  liberated  were  retaken  and  reported 
to  me;  sixteen  buttons  were  also  returned  to  me.  The  fish  were  retaken 
along  the  river  from  a  point  four  miles  below  where  they  were  liberated 
up  to  the  Dalles  of  the  Columbia,  just  below  Celllo  Falls,  a  total  dis- 
tance of  two  hundred  and  fourteen  miles.  Near  the  upper  limit  quite  a 
number  of  fish  were  taken  and  six  of  these  had  traveled  a  distance  which, 
when  rated,  gives  an  average  individual  speed  of  from  six  and  one-third 
to  seven  and  one-half  miles  a  day. 

The  following  table  is  constructed  to  show  the  actual  time  from  lib- 
eration to  recapture,  the  distance  covered,  the  probable  time  consumed 
in  the  stralght-away  run  on  a  basis  of  the  speed  of  number  76  (seven  and 
one-half  miles),  and  the  days  unaccounted  for.  My  view  is  that  these  un- 
accounted days  are  chiefly  spent  in  the  lower  estuary  of  the  river  in  be- 
coming  acclimated  to  the  fresh  water. 


'  This  investigation  was  undertaken  in  cooperation  with  the  United  States 
Bureau  of  Fisheries.  This  abstract  la  published  by  the  consent  of  and  with  the 
approval  of  the  T'.  S.  Commissioner  of  Fish  and  Fisheries. 
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Species  and  Number. 


SUver... 
Silver... 
Silver  .. 
Silver.  .. 
SUver... 
Steelhead. 
Chinook  . 
SteeDuMi. 
Steelhead. 
Okinook. . 
Silver. . . . 
Chinook . . 


Distance 
Traveled 
inMileit. 

Da}^ 
Out. 

76 

210 

210 

210 

210 

210 

210 

15 

210 

70 

15 

70 

4 

28 

75 

29 

80 

30 

7« 

97 

33 
33 

124 

33 

80 

11 

98 

52 

125 

35 

123 

31 

87 

57 

113 

6 

Day»  Required 

to  Cover  the 

Distance  at  a 

Speed  of  7} 

Miles  a  Day. 


counted  for. 

L  e..  Available 

Acclimatia- 

tion. 


28 

0 

28 

1 

28 

2 

28 

5 

28 

5 

28 

5 

2 

9 

28 

24 

9 

» 

2 

29 

9 

48 

0 

6 

University  of  Missouri, 
Columbia,  Mo. 
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Thought  Stimulation  :     Under  What  Conditions  Does  It 

Occur! 


By  Robert  Hessleb. 


This  is  ji  subject  of  interest  to  iienrly  every  one,  but  more  e8i)e(?lally 
to  educated  i>ersons,  as  I  found  in  discussing  it  with  several  hundred  in- 
dividuals. In  a  general  way  one  may  divide  human  beings  into  two 
classes:  the  educate<l  and  the  uneducated.  The  uneducated  usually  pay 
but  little  attention  to  what  is  going  on  in  the  mind,  what  sort  of  thoughts 
they  have,  while  on  the  other  hand  those  who  write  or  otherwise  utilize 
their  thoughts  may  i>ay  much  attention  to  the  subject.  Indeed,  the  latter 
may  at  times  be  worried  because  they  can  not  think  and  cannot  write,  or 
because  they  "run  out  of"  thoughts  and  vainly  "rack  their  brains"  for  new 
ones.  In  the  very  beginning  we  must  distinguish  clearly  between  getting 
new  thoughts  or  new  ideas  and  the  ability  to  write  them  out  In  other 
words,  to  get  the  germ  or  plot  of  a  story  and  then  to  write  out  the  story 
to  best  advantage  are  two  widely  different  things. 

The  difference  between  these  two  classes  of  individuals  is  shown 
very  strongly  in  the  matter  of  dreams.  The  ignorant  pay  ccmslderable 
attention  to  their  dreams,  but  (»nly  from  the  standpoint  of  '^What  does  it 
mean?"  They  liMik  u[>on  n  dream  as  an  omen,  while  a  writer  may  utilize 
a  dream  as  a  plot  for  a  story,  the  dream  being  of  actual  value  to  him. 
Poets  constantly  tell  about  their  dreams  and  of  having  dreamed.  Again, 
we  see  this  difference  in  attitude  in  the  matter  of  the  subconscious  or 
automatic  action  of  the  mind,  especially  at  night.  There  may  be  a  great 
rush  of  thoughts.  Many  worry  simply  t>ecause  they  are  unable  to  sleep 
on  account  of  the  "curious  thoughts,"  while  a  writer  may  jot  down  a 
niunber  of  them  and  utilize  them  in  his  work. 

The  subject  of  thought  stimulation  may  l)e  studied  from  different 
standiK)ints,  depending  on  the  individuars  occupation  and  training  and 
the  object  of  his  investigation.  Thus,  the  psychologist  may  approach  it 
from  a  standpoint  entirely  different  from  that  of  the  neurologist  or  of  tlie 
alienist,  while  th(»  viewpoint  of  a  story  writer  may  differ  from  all  others. 
My  standpoint  may  quite  naturally  be  said  to  be  mainly  that  of  a  physi- 
cian interested  in  a  study  of  chronic  ill  health  as  distinguished  from  ac- 
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tual  dls»*ase.  Many  <;f  the  symptoms  occurring  In  chronic  ill  health  relate 
to  disturbances  in  mental  functioning,  and  hence  must  be  given  consid- 
erable attention. 

If  a  physician  desires  to  study  normal  Individuals,  that  is,  thos«e  who 
are  neither  sick  nor  diseased,  he  must  go  after  his  material.  And  here 
I  might  say  that  some,  knowing  my  profession,  have  accuseil  me  of  "talk- 
lug  shop."  It  is  of  course  only  those  In  search  of  a  physician*8  services 
who  come  to  him — and  this  paper  may  therefore  be  regarded  as  that  of 
a  seeker  after  knowledge,  that  is,  a  plea  for  more  data  from  these  In 
health.  I  hope  that  wiien  It  appears  in  the  published  proceedings  some 
at  least  will  take  sufficient  Interest  In  the  matter  to  give  me  their  experi- 
ences and  observations. 

In.  regard  to  what  I  say  here.  It  should  be  underatood  that  this  la 

! I     'it         r*'  I 

simply  a  short  abstract  of  a  longer  abstract.  If  I  were  to  bring  together 
all  my  data,  and  esi»eclally  my  case  reports,  they  would  make  a  large 
volume. 

Cr-A88iFi(ATioN  OF  Data.  For  the  purpose  of  classification  as  well  as 
for  wmvenience  of  study,  I  have  divided  my  notes  under  several  general 
subheads,  as  follows : 

1.  Simple  observations  on  tliuught  or  mental  stimulation  liefore  my 
days  of  medical  s(!luKj|ing.  such  as  any  one  not  paying  special  attention 
to  the  subject  might  make. 

2.  Early  days  of  medical  practice.  These  notes  are  also  rather  simple, 
for  It  should  be  understo  id  that  in  times  past  a  meilitrai  student's  atten- 
tion was  nnt  <-alle(l  to  the  subject  of  mental  intluences. 

3.  Notes  gathered  while  working  among  the  insane. 

4.  'lYavel  ncMos  while  in  KumiK?,  among  them  many  relating  to  the 
envinmment  of  noted  men  an<l  women.  i>articuhp-'y  of  writers. 

5.  Notes,  covering  the  last  ten  years,  basiHl  <;n  a  systematic  study 
of  i>e(»ple  in  ill  health,  as  distinguished  from  those  afflicted  with  well- 
defim^l  diseast»s.    The  bulk  of  my  notes  relate  to  this  class  of  individuals. 

<>.  Notes  obtained  from  individiuils  who  may  be  regarde<l  as  healthy, 
that  is.  not  <-n)iip]:iiiiiii;;  nl'  s.viiiptouis  of  111  liealtli. 

7.  IteferiMn-es  to  lii;'  literal un\  ;i  <.-(mipani lively  small  amount  uC 
data,  chicMy  indilcnial  ref«*rcn«'cs  found  in  biographies.  This  phase  of  the 
snbjcM't  h:\*<  l»een  nci:Ie<'ted,  ;is  i(  nnpilros  mccoss  to  extensive  libraries. 
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lleferences  to  cliildhood  are  here  omitted;  my  work  concerns  adults 
tmly.  But  we  need  only  think  of  nightmare  to  realize  how  profoundly 
the  mind  of  the  child  is  influenced  at  times.  I  shall  go  over  these  sub- 
beads  ery  briefly,  following  the  al)ove  classification. 

PEOPiiE.  Some  people,  or  minds,  with  whom  we  come  in  contact  stim- 
ulate us,  just  as  there  are  those  who  depress  us  and  many  who  do  not 
affect  us  at  all. 

Books.  These  may  also  be  classified  according  as  they  (In  or  do  not 
set  us  to  thinking;    some  bcwks  act  as  decided  mental  stimuli. 

Dki-iams.  Dreams  may  be  a  source  of  mental  stimulation  to  the  in- 
tellectual, who  may  get  some  new  ideas  and  utilize  them.  Tlie  ignorant 
dwell  chiefly  on  the  significance  of  di*eams  as  good  or  bad  omens.  One 
ran  hardly  realize  what  an  Important  factor  dreams  are  In  the  life  of 
some  i)eople.    This  topic  will  be  considered  a  little  more  fully  later  on. 

Food  and  Drink.  These  have  more  or  less  influence  on  our  well 
being  and  our  thinking.  One  need  only  think  of  what  often  occurs  after 
eating  a  late  lobster  salad  or  a  welsh  rarebit,  when  the  thoughts  are 
usually  anything  but  agreeable.  There  Is  an  old  saying,  "Who  drinks  beer, 
thinks  beer" ;    and  another,  **One  Is  what  one  eats.'' 

Aix'OiiOL.  Some  know"  from  persimal  experience  whether  alcohol 
excites  or  depresses  the  mind;  certjiinly  all  have  noticed  the  effects  in 
others,  how  some  individuals  become  greatly  excited,  with  an  active  flow 
(it  words. 

Tobacco  should  also  be  mentioned.  Just  how  much  truth  there  is  in 
the  claim  of  some  men  that  they  can  think  best  while  smoking  or  chew- 
ing is  a  question. 

Angkr.  Jealousy,  Resentment,  or  Grii:f,  etc.,  may  act  as  powcrfn! 
stimuli. 

Fright  and  Danger  should  also  lie  mentioned;  there  may  be  a  great 
rush  of  thoughts  at  what  seems  t(.  be  a  (Titical  moment. 


Fever  Fantasy.  Those  subject  to  colds  and  feverish  conditions  may 
have  notice<l  in  themselves ^ the  abnormal  stimulation  of  thought  at  such 
times.  The  idiyslclan  cannot  avoid  noticing  it,  esi)ecially  in  those  delirious 
on  account  of  fever. 

[9—23003] 


130 

Drug  Stimulation.  The  most  common  is  that  of  opium  or  its  alka- 
loids, cocaine  coming  i)erhapa  next.  Hasheesh  effects  I  have  not  observed. 
Not  all  persons  are  stimulated  after  the  fashion  of  DeQuineey.  Some 
brains  are  stimulated  l>ut  little  or  not  at  nil.  The  same  is  true  of  alcohol 
The  effect  depends,  moreover,  largely  on  the  dosage,  varying  from  a  more 
or  less  transient  stimulation  to  complete  stupor.  It  should  be  kept  in 
mind  that  to  a  largo  extent  an«jdyne8  that  depress,  such  as  acetanilid,  are 
now  used  in  place  of  opium. 

Coffee.  This  is  an  active  stimulant  to  some;  many  know  that  it  will 
keep  them  awake  at  night,  as  night  nurses.  Some  persons  say  coffee 
makes  them  dream.  Literary  workers  may  be  actively  stimulated  by  it, 
their  thoughts  flowing  freely  after  its  use. 


Mania.  An  individual  delirious  in  acute  mania  is  a  sight  never  to 
be  forgotten.  The  delirium  may  continue  for  days,  even  for  weeks,  until 
the  body  is  physically  exhausted.  Compared  with  this,  the  amount  of 
mental  work  an  ordinary  brain  worker  does  seems  insignificant,  and  the 
idea  of  nervous  prostration  from  mental  overwork  is  made  to  appear 
ridiculous. 

Recurrent  Mania.  This  recurs  at  intervals,  depending  on  the  indi- 
vidual, after  days,  weeks,  months,  or  even  years. 

Alternation  of  Mania  and  Melancholia.  In  this  there  are  periods 
when  the  mind  is  very  active,  followed  by  periods  of  the  opposite  extreme. 
One  of  my  insane  patients  during  a  i)erlod  of  exaltation  had  Caooetkes 
scribendi,  the  mania  to  write,  and  wrote  me  his  autobiography;  it  would 
form  a  fair-sized  book  if  put  into  print.  He  wrote  continuoualy, 
did  not  even  want  to  take  time  for  meals  or  to  sleep  at  night. 

Chronic  Mania.  In  this  condition  many  individuals  see  visions  and 
hold  imaginary  conversations;    at  times  the  brain  is  very  active. 

Dementia.  At  times  when  there  is  some  disease  producing  fever 
there  may  be  a  transient  lightinjr  up  of  the  mental  faculties  in  demeot*. 
subsiding  again  willi  tlio  subsidence  of  the  fever.  A  study  of  such  case* 
often  sIkmIs  light  on  the  mental  processes  in  the  normal,  or  sane. 

Epilei'sv.  Epileptics  about  the  time  of  an  oncoming  seizure  may  hare 
active  mental  stimulation;    the  fact  that  some  see  visions  is  well  known- 
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Ab  a  role  those  confined  in  the  hospitals  for  insane  are  quite  demented, 
though  there  may  be  a  transient  mental  improvement  during  or  following 
some  acute  disease. 

One  of  my  unique  exi)eriences  was  tlie  observation  of  the  great  mental 
Improvement  following  the  injection  of  erysipelas  antitoxin'  in  an  epileptic 
who  was  greatly  demented;  this  mental  stinmlation.  however,  was  only 
transient,  subsiding  on  withholding  the  remedy,  which  proved  too  costly 
for  continued  use;    in  time  there  was  a  complete  relapse. 

Katatonia.  Under  tills  head  I  could  write  some  lengthy  accounts  re- 
lating to  mental  stimulation  from  the  use  of  desiccated  thyroids.*  Indi- 
viduals who  had  been  practically  dead,  both  physically  and  mentally,  had 
a  veritable  return  to  life  under  the  use  of  thyroids. 

Thyboid  Medication  ob  Stimulation.  The  above  experiments  were 
continued  with  different  classes  of  patients  to  find  out  the  limitations  or 
usefulness  of  the  new  drug.  This  was  quickly  found.,  In  a  chronic 
maniac  it  brought  on  acute  miuiiacal  disturbance  and  had  to  be  discon- 
tinued. On  the  other  hand,  in  individuals  who  were  very  dull  and  stupid 
on  account  of  myxedema*  all  that  was  required  to  restore  normal  activity 
was  the  use  of  this  remedy. 

Redbeaming  Dbeams.  a  personal  experience  whiie  still  living  among 
the  insane  first  directed  my  attention  to  dreams  and  the  part  they  play 
in  daily  life.  My  experience  in  dreaming  a  dream  over  and  over  again 
during  an  attack  of  sore  throat  seemed  so  odd  to  me  that  I  looked  up  the 
subject  in  the  literature,  and  since  then  have  questioned  hundreds.  I 
found  nothing  In  the  literature,  and  until  recently  did  not  meet  any  indi- 
viduals who  had  had  a  similar  experience — for  this  reason  I  gave  a  brief 
account  In  the  Psychological  Review  for  November,  1901.  It  may  be 
added  that  while  I  dream  much,  but  few  dreams,  comparatively,  stand 
out  vividly  and  are  remembered  next  morning.  An  Interesting  study 
would  be  to  seek  the  causation  of  dreams,  why  at  times  one  dreams  much 
and  then  again  very  little;  likewise  why  certain  periods  of  one's  life 
rather  than  others  are  picked  out,  so  to  si>eak,  by  dreams. 

Disease  Influence  on  Mental  Stimulation  and  Dbeams.  Here  be- 
longs a  number  of  notes  on  cases  in  which  the  stimulating  influence  was 


^  Epilepsy  and  Brysipelafi.     Joarnal  Amer.  Med.  Assn.,  May  14,  1S08. 
'Thyroid  Medication.     Indiana  Medical  Journal,  Jane,  1896. 
*  Notes  on  Thyroid  Medication.    Ind.  Med.  Journal,  Feb.,  1898. 
«  Myxedema.    Indiana  Medical  Joomal,  Jane,  1904. 
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notic*ecl,  as  for  instance  in  tonsillitis,  when  the  mind  becomes  very  active 
with  a  great  rusli  of  tlioughts,  hnt  without  al)ility  to  hold  them.  After  aii 
attaeiv  (»f  acute  illness  there  may  he  a  "clear  brain"  with  active  thinkinc 
This  can  he  exiilained  by  assuminj^  tliat  the  brain  was  rested  while  the 
JMxly  was  siclv,  or  that  il  was  stinuilated  jjy  the  disease  or  sickness,  or  by 
returning  healtli.  and  now  has  n  new  set  of  thoughts. 

Tuberculosis  acts  in  many  as  a  stinmlant,  producing  esiiecially  cheer 
fulness  and  hoiM*fulness,  just  the  opposite  from  the  next. 

Acute  I)ysi)epti<*  Atta<ks.  as  after  the  provcri»ial  lobster  salad.  Ht-re 
almost  invariably  the  thoughts  and  the  dreams  are  disiigreeable,  opprt*ssiv«f. 
Often  it  is  less  a  <iuesti<»n  of  the  kind  of  fiKKl  than  of  conditions  nmWt 
which  the  fo(Ml  is  eaten.  In  the  case  of  the  lobster  salad,  tiie  most  favor- 
ai>le  condition  und<'r  which  it  is  likely  to  produce  disagreeable  thoughts  or 
dreaming  is,  in  the  opini(»n  of  some,  a  midnight  lunch  after  attending  a 
theater. 

Chronic  Dysijepsia.  This  to  most  of  us  brings  up  thoughts  of  pes^ 
simism,  the  effects  thus  standing  opposite  to  those  of  tuberculosis.  Ab  a 
snpiK)sed  classical  example,  Carlyle  might  be  mentioned. 

Atmosphkre,  the  Air  of  Places.  I^iterary  people  speak  of  the  Infln- 
ence  of  atmosphere,  but  this  may  not  at  all  refer  to  air  conditions.  On 
the  other  hand,  i)hysicians  since  the  days  of  Hipi^ocrates  si>eak  of  the  air 
of  places.  From  a  study  r)f  the  subject  one  might  almost  come  to  the  con- 
clusion that  the  locality,  the  environment,  has  as  much  influence  on 
tlKuight  stimulation  as  on  the  production  of  ill  health  and  disease. 

War  Timks.  In  my  chronological  accoimt  are  some  data  relating  to 
a  friend  whose  regiment  was  calle<l  into  camp  on  the  breaking  out  of  tl»e 
Spanish-American  War.     The  event  was  a  great  thought  stimulant  to  him. 

especiwlly  when   lying  awake  at  night. 


Tkavkl.  Next  in  order  comes  a  nniss  of  data  baseil  on  a  year's  travel 
in  Kurope.  The  valu4'  of  travel  as  a  stimulant  to  the  mind  is  reit)gnlEed  by 
(»verybody.    The  following  is  taken  from  my  notes  relating  to  this  perloil: 

"One  day,  at  Heidelberg.  I  dropi»e(l  into  an  inn  for  a  bite  to  eat  I 
was  going  to  sit  down  before  a  long  empty  table,  when  I  was  Informrf 
that  it  was  a  Stannntisch;  that  meant  I  had  to  take  a  seat  elsewhere. 
While  eating  my  modest  meal,  there  was  a  rush  of  tlioughts  concernUig 
the  influence  of  the  Stannntisch  on  the  life  of  German  thinkers,  especially 


coflege  prDfe8S<jr»,  who  frequently  meet  about  such  a  table  to  exchange 
ideas,  or  get  new  ones,  or  both.  Then  my  thoughts  went  to  Enghind,  to 
its  old  coffee  houses  and  the  inHnence  on  the  Knglisli  writers  who  met 
there.  That  in  turn  brought  to  the  mind  the  relative  merits  of  beer  and 
wine  and  coffee  as  aids  tt>  thought  stimulation,  and  this  again  ln'ought 
up  the  thought  of  the  influence  of  tobacco  smoke,  whether  this  at  bottom 
had  anything  to  do  with  the  matter,  and  that  again  brought  me  back  to 
America,  to  our  newspai)er  ottices,  where  reporters  often  work  in  dingy 
otfiees  densely  filled  with  toba<'Co  smoke  and  where  many  of  the  so-called 
'pipe  dreams'  are  concocted." 


Health.  Ill  Health,  Chronic-  III  Health.  Disease.  During  the  last 
ten  years  I  have  been  occupied  more  especially  with  adults  in  chronic  ill 
iiealth.  as  distinguished  from  real  disease,  and  very  naturally  I  have  fol- 
lowed the  subject  of  thought  stimulation  among  this  class.  There  is  one 
very  practical  aspect,  one,  however,  that  is  largely  neglected  by  the  av- 
erage practitioner  of  medicine;  that  is,  long  sleepless  nights  during  which 
the  mind  of  a  patient  may  be  thinking  all  sorts  of  thoughts,  usually  dis- 
agreeable; if  there  is  sleep  there  may  be  much  disagreeable  dreaming. 
The  physician  who  is  able  to  give  patients  of  this  kind  restful  nights  is 
usually  accomplishing  something  that  his  predecessors  failed  to  do. 

Individuals  in  chronic  ill  health  often  have  very  active  minds  and 
react  acutely  to  certain  drugs,  such  as  opium,  alcohol,  caffeine;  similarly 
to  the  salicylates,  which  are  largely  used  in  counteracting  Infection  and 
inflnmmatiou.  Many  react  acutely  to  the  influence  of  travel.  Thus  while 
travel  at  home  may  disagree,  travel  in  a  foreign  coimtry  nuiy  he  bene- 
ficial. One  can,  of  course,  readily  understand  how  in  the  case  of  literary 
l>ers<ms  one  country  may  l>e  preferred  to  another.  But  even  common  jk?.)- 
ple  who  do  not  lead  much  of  a  mental  life  may  notice  the  influence  of 
travel,  as  when  a  farmer  living  in  isolation  complains  of  active  dreaming 
or  of  restlessness  at  night  after  a  trip  to  town.  Among  my  case  reports 
are  at  least  four  in  which  there  was  active  stimulation  of  the  mind  while 
traveling  on  railways — in  one  case  the  thoughts  or  Ideas  were  used  In 
literary  work.  It  may  also  be  said  that  Individuals  with  lively  minds, 
literary  people  generally,  react  acutely  to  their  surroundings,  or  to  influ- 
ences that  scarcely  produce  an  effect  on  the  average  man. 

During  the  past  few  years  1  have  been  trying  In  my  practice  to  dis- 
tinguish between  individuals  who  lead  an  active  **»Seelenleben'*  and  those 
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who  do  not.     In  a  general  way  I  can  divide  my  cases   (whether  active 
minded  or  not)  into  four  groups  according  to  their  ill  health. 

(a)  Catarrh  Victims,  especially  those  subject  to  common  colds  and 
sore  throat  accompanied  by  disturbance  in  temperature,  febrile  condition, 
with  more  or  Ic-ss  *'fever  fantasy,"  wlieu  all  sorts  of  thoughts  rush  throng 
the  mind.  If  the  individual  is  a  writer  and  not  too  ill  he  may  jot  down 
some  of  these  thoughts  and  utilize  them.  In  some  a  recumbent  position 
is  an  additional  stimulating  factor,  and.  indeed,  people  in  health  can 
often  think  best  when  reclining.  One  of  my  friends  explained  it  by  saying: 
**The  pressure  is  e(iualized  when  lying  down,  there  is  less  blood  in  the 
feet  and  more  in  the  brain." 

Catarrh  victims  may  or  may  not  be  cheerfully  excited — those  in- 
fected with  tuberculosis  may  be  very  cheerful  and  hopeful,  the  opposite 
of  the  naxt. 

(b)  Dyspeptics  as  we  all  know  are  usually  pessimistic.  One  of  mj 
friends  has  said:  *'Beware  of  the  literary  critic  who  has  dyspepsia  or 
an  acute  dyspeptic  attack,  for  he  will  see  nothing  to  praise  in  your  work 
or  effort;  all  is  gloom  to  him  and  mankind  is  going  to  the  bow-wowB." 
The  depressed  mental  state  may  not  last  long  in  an  acute  attack,  just  as  in 
the  case  of  the  boy  who  has  colic  from  eating  green  apples,  wlio  thinks 
he  is  going  to  die,  although  he  will  be  as  well  as  usual  the  next  day. 

(c)  So-called  neurasthenics,  known  also  as  neurotics,  and  "the  nerr- 
ous."  As  a  rule  this  class  reacts  acutely  to  environmental  influoices*  and 
at  night  there  may  be  insomnia  with  the  mind  actively  at  work.  Aa  to 
actual  work,  individuals  vary  greatly.  Many  have  large  thoughts  but 
produce  little;  some  are  simply  regarded  as  dreamers.  What  is  com- 
monly regarded  as  brain  tire  may  really  be  motor  tire;  the  brain  to 
active  enough,  but  there  is  no  desire  or  little  inclination  for  physical  ex- 
ertion necessary  to  write  out  the  thoughts — a  mental  overstimalation  witk 
a  motor  paralysis,  so  to  speak. 

I  have  notes  on  one  case,  a  man  who  would  ordinarily  be  regarded  ti 
a  neurasthenic,  w  ho  dreams  much  and  gets  new  ideas  in  his  dreams,  Jot- 
ting them  down  in  the  dark  at  night,  in  bed.  But  frequently  he  findf  1b 
the  morning  that  he  has  no  notes,  for,  after  a  dream  that  he  wanti  to 
record,  he  dreams  further  that  he  is  recording  it  or  has  made  an  entry 
on  his  scratch  tablet,  and  then  sleeps  on ;  all  has  been  a  dream.  SometinWf 
on  awakening  he  retains  an  indistinct  idea  of  the  dream  which  he  wanted 
to   record. 
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I'he  influeuce  of  environment  may  be  very  marked  in  this  group,  as 
already  mentioneil.  Some  men  can  do  their  best  work  in  the  city,  others 
in  the  country.  I  have  a  curious  account  of  a  writer  who  habitually  ran 
out  of  ideas  and  then  went  to  the  nearby  large  city  to  spend  a  day,  or 
rather  night,  for  he  would  lie  awake  in  the  dark,  in  his  room  at  some  large 
hotel,  filling  scratch  tablets  with  ail  sorts  of  thoughts  or  ideas  that  came 
to  him.  It  would  be  interesting  to  know  whether  there  was  any  marked 
change  in  blood  pressure,  whether  he  may  not  have  belonged  to  the  next 
group. 

I  shall  refrain  from  citing  more  such  cases,  for  to  make  reports  val- 
uable they  should  give  a  lot  of  details,  or  we  may  be  wholly  unable  to 
draw  conclusions  regarding  possible  causes.  In  a  general  way  it  may  be 
said  that  the  more  details  in  a  case  report  the  better. 

(d)  A  group  of  cases  that  may  be  called  eardio-vascular,  in  which 
there  are  disturbances  in  the  blood  pressure.  At  times  of  a  high  blood 
pressure  there  may  be  great  mental  activity.  Brief  mentit)n  may  be 
made  of  a  few  cases. 

Mb8.  a.  Middle-aged  woman  with  a  persistently  high  blood  pressure, 
rarely  under  200  mm,  and  often  much  above  that,  even  to  250  mm.  Com- 
plains of  the  mind  being  very  active,  all  sorts  of  **komlsche  Gedanken" 
passing  through  the  brain;  but  at  times  of  unusually  high  pressure  the 
thoughts  are  anything  but  comical,  the  "Gedankenflucht"  l)eing  the  oppo- 
site; she  at  times  fears  enacting  a  tragedy.  When  I  add  that  my  own 
pressure  runs  from  100  to  110  mm,  the  significance  of  a  pressure  of  250 
mm  will  be  better  understood. 

Mrs.  B.  Elderly  woman,  gloomy  and  worrying  thoughts  both  on  ac- 
count of  ill  health  and  possible  financial  dlfticulties.  To  distract  her 
mind,  to  change  the  trend  of  her  thoughts,  lier  relatives  nightly  took  her 
to  a  crowded  revival  meeting,  but  it  was  quickly  found  that  conditions 
grew  worse,  and  that  the  rush  of  thoughts  seemed  to  prevent  sleep  alto- 
gether. She  came  to  me  and  I  found  a  high  blood  pressure.  Simple 
medication  and  remaining  away  from  the  meetings  caused  the  high  pres- 
sure to  di.sapi»ear  within  a  week,  and  the  mental  dlsturl>an<'e  to  subside, 
followed  by  a  philosophical  state  of  mind  with  cessation  of  worry. 

Neither  of  these  two  individuals  is  intellectual ;  they  do  not  utilize 
their  tliougbts. 

Mbs.  C.  Middle-aged  Intellectual  woman.  Great  rush  of  ideas  at 
times  of  occasional  high  blood  pressure,  especially  at  night,  often  prae- 
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tically  sleepless  on  this  acc-ouut.  lu  the  day  time  felt  t«>o  fati^e<l.  tirel 
out,  to  be  inclined  to  exert  herself  physically,  but  the  mind  would  i«er- 
haps  be  very  active.  Often  had  "brij^ht  thoughts"  at  night  aud.wante<l  to 
jjet  up  and  jot  them  down,  for  she  was  unable  to  recall  them  the  next 
morning,  but  her  physician  had  t<dd  her  not  to  do  this,  as  it  would  ag- 
gravate her  insonniia.  When  she  came  to  me,  I  promptly  advised  her  tu 
jot  down  her  though.ts.  that  with  a  little  practice  she  could  do  this  in  the 
dark;  at  the  same  time  I  instituted  measures  to  redm-e  the  blood  pressure 
-and  when  the  pressure  went  down  the  automatic  action  of  the  brain 
ceased  and  sound  sUh»p  returned.  How  to  bring  down  a  high  blood  pres- 
sure is  a  medical  cpiestion  that  n^^nl  not  be  dis<'us.sed  here. 

Mk.  D.  Middle  aged  man  in  whom  a  tendency  to  increased  bl<»tid 
[jressure  gradually  developed,  along  with  nmch  dreaming  at  night  ami 
subconscious  mental  activity,  the  thoughts  coming  at  such  times  l»ein': 
utilized  in  his  work.  l*rol)lems  and  matters  awaiting  soluti<»n  would  be 
taken  up  and  worketl  out  at  sm»h  times.  This  sul^Minscious  activity'  vm*^ 
always  orderly',  entirely  different  from  that  of  dreams,  for  in  the  latter 
there  were  all  sorts  of  incongruities  and  anachronisms.  A  change  in 
environment  causcnl  the  high  i)ressure  to  subside  and  with  It  the  subcoii- 
sci(ais  mental  acrtivity,  but  the  dreaming  continued  as  formerly.  Now  awl 
then  th^re  is  a  i)eriod,  or  it  may  be  but  a  single  night,  of  automatic  at*- 
tivity,  and  the  question  is  to  find  <mt  the  why  and  the  wherefore  of  this 
activity. 

Mr.  E.  The  most  literary  man  in  a  small  connnunlty ;  pjist  middle  ap?: 
mind  always  at  work.  Came  to  me  complaining  of  sympt(mis  of  ill  health.  I 
susi)ecte(l  cardiovascular  disturbance  and  on  examination  found  a  hipb 
blood  pressure.  I  at  once  proposed  a  systematic  examiuntlon,  with  health 
supervision.  But  to  be  literary  <loes  not  neces.sarily  Imply  the  iMWseMifln 
of  go<»d  common  sense,  and  instead  of  following  my  advice,  given  him  at 
length,  he  adoi)ted  an  easier  and  simpler  ctmrse;  he  changed  doctcMru.  H« 
went  to  a  man  who  merely  gave  him  a  little  medicine.  A  short  time  ap» 
he  died  suddenly  of  cerebral  hemorrhage.^ 

Ordinary  peoi)le  when  they  have  a  rush  of  thoughts  at  night  may 
simply  wiirry  Ixs-anse  thoy  arc  not  able  to  sleep,  whereas  the  brain  worker 
who  utilizes  Ills  tliongiits  may  wclr<ime  at   legist  an  occasional  such  nwli 

'  TluMc  is  n  j»n.s>:il)ility  tlia(  \u  this  cnsp  artcrio-scloiosiH  had  wt  in.  but  1  •■ 
!n«:in(Ml  to  briii'Vf  ilinv  was  iioin  at  iln  timo  lio  cara«  to  mo.  It  Hhould  be  kfpt  *■ 
mind  that  In  tlils  pajicr  I  am  <x<liiilinK  i^hllclrt'n  and  the  agcHl.  aj«  well  •«  tlioi' 
af!M('to<l  with  woll  drlhwd  disrasos  or  patliologic  processes. 
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*»f  thoughts,  l>ecau8e  it  miiy  furnish  him  material,  thita,  plots.  He  may 
even  seek  to  hrinjr  alwait  this  conditiim.  or  what  is  eonuiionly  called  "iu- 
•  spiration."  In  this  coiniection  I  mi^rht  nienti<m  one  case  whicli  may  sheil 
Sijnie  light.  A  middle-aged  literary  woman  had  t)een  complaining  of  dis- 
tiirb<Hl  heart  action,  marked  especially  hy  arrythmia.  In  onler  to  corrwt 
the  dilfleiilty,  her  physician  prescrihe<l  dlgibilis  in  larger  doses  than  is 
usual.  In  a  short  time  her  mind  I)e<^ame  very  active,  with  sle<*i>lessness  at 
idght  and  with  a  great  rush  of  tlioughts.  She  then  came  to  me  and  I 
promptly  had  her  discontinue  the  iligitalis,  wlien  the  mental  excitement 
subsidetl.  The  supiMised  heart  ilisturhance  itself  was  treate<l  hy  methods 
other  than  drug  treatment. 

To  what  extent  high  blmxl  jiressure  is  a  factor  in  thought  stinnilation 
in  normal  individuals  I  am  unable  to  say.  To  study  that  will  require 
"material."  If.  as  earlier  stated,  the  physician  wants  to  study  those  in 
health  he  nnist  go  to  them,  and  seek  out  those  whom  he  thinks  suitable 
for  his  work.  More<n'er,  a  physictiau  never  has  that  complete  control  over 
his  **inateriar'  as  the  biologist.  He  can  take  up  or  leave  off  work  at  any 
moment;  the  physician  must  get  the  consent  of  his  patients.  Even  the 
hospital  physician  has  a  great  advantage  in  this  respect. 

It  would  seem  a  natural  and  simple  inference  that  the  increased  cir- 
culation in  the  l)rain  stimulates  tiie  cells,  and  thereby  stimulates  thought — 
and  then  at  once  the  question  arises,  What  brings  on  increased  blofMl 
pressure? 

BoRPKRLAND  Casks.  Just  wlicre  the  normal  shades  off  into  the  ab- 
normal or  where  "perfect  health"  changes  into  "ill  health"  is  often  ilitti- 
cult  to  determine.  There  is  no  norm,  there  are  no  standards :  what  agrees 
with  one  may  disagree  with  another.  I  will  mention  a  few  more  factoi-s 
which  in  some  individuals  play  a  role  in  thought  stimulation. 

Mi'sic.  The  mind  or  imagination  of  some  i)eople  is  strongly  excited 
by  music.  When  one  critically  studies  cases  he  may  be  able  to  make  dis- 
tinctions between  the  intiuence  of  gi*and  opera  and  rag  time  music,  and 
whether  the  music  Is  heard  indoor  or  out  of  doors,  as  on  a  street  c»omer 
or  in  a  park. 

Theater.  Attending  a  play  may  bring  on  a  lively  "play  of  the  im- 
agination." 

Chl'rch.  a  merchant  once  told  me  that  he  did  his  best  business 
thinking  or  planning  while  apparently  listening  to  a  long  sermon.     And  I 
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know  of  a  college  student  whose  thoughts  were  most  active  while  'iteten- 
ing  to  a  sermon."  Such  stimulation  is  known  to  but  few,  while  the  op- 
posite, drowsiness,  is  known  to  nearly  everybody.  Perhaps  the  "constitu- 
tion" has  something  to  do  with  it  I  have  notes  on  a  preacher  who  get* 
his  ideas  for  his  next  sermon  a  week  ahead.  If  he  fails  to  get  them  oo 
Sunday  night,  he  probably  gets  them  at  the  time  of  the  midweek  prayer 
meeting.  LkxiiI  option  meetings  also  seem  to  excite  some — is  it  the  en- 
thusiasm? 

Storms.  Among  my  case  rei>orts  are  some  of  individuals  who« 
minds  were  set  agoing  during  the  prevalence  of  a  storm ;  if  at  night,  there 
was  much  restlessness  and  sleeplessness  with  a  rush  of  thoughts.  An  iu- 
quiry  into  details  often  leads  to  curious  results. 

Weathkb  Changes  should  also  be  mentioneil.  The  state  of  the 
weather  is  by  many  supi>osed  to  have  an  influeni*e.  I  should  esiJecially 
like  to  hear  from  those  who  have  made  any  (observations  ahnig  this  line. 

Books.  Books,  as  a  source  of  thought  stinmlation  or  of  inspiratiun. 
are  generally  classified  as  good  or  bad,  ancient  or  modern,  new  or  okL 
To  the  average  reader  a  book  is  simply  a  book,  but  those  who  utilize 
their  thoughts  or  bright  ideas  may  be  able  to  make  distinctions.  Read- 
ing between  the  lines,  an  individual  with  a  vivid  imagination  may  get 
all  sorts  of  new  ideas,  he  may  get  m')re  out  of  them  than  the  author 
put  in. 

Lectikks  differ  greatly  in  their  stimulating  influence.  To  some  am 
occasional  lecture  may  be  helpful,  while  rei>eated  lectures  may  fail  i*» 
stimulate,  or  (»ne  may  say  there  is  overstimulation  and  the  mind  ffllb 
to  retain  the  impressions.  We  all  know  how  the  lectures  of  inatructori 
vary ;  some  stimulate  the  students,  others  do  not. 

Barber-Shop  Infli:en('es.  One  of  my  old  patients,  who  lived  at  home 
all  the  time,  went  once  a  week  to  the  barber  shop,  and  then  complitined 
of  insonmia  with  much  dreaming  at  night.  (But  to  make  the  story  wfftt 
C(miple(e  it  should  be  added  thnt  he  was  a  chronic  consumptive  and  that 
much  coughing  accompanied  the  insomnia  and  dreaming — st^me  might  re- 
gard this  as  i\  relationship  of  cause  and  effect.) 

I  reoall  a  statement  in  a  French  reader,  "Nothing  refreshes  the  mtoi 
like  having  the  hair  dressed."  A  man  is  supposed  to  have  made  the  re- 
mark— I  mention  this  here  as  n  possible  factor  In  mental  stimnlation  in 
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women,  as  they  often  spend  much  time  in  dressing  the  hair.  Perhaps  that 
statement  is  on  a  level  with  that  of  the  poet  who  8i)olce  ahout  "scratching 
the  head,  thinking  the  thoughts  would  come,"  etc. 

ExEBcisE  may  be  an  essential  to  n  writer  or  sedentary  thinker,  as  for 
the  man  who  writes  all  forenoon  and  puts  in  the  afternoon  walk- 
ing, riding,  rowing,  gardening,  etc.  Here  one  would  have  to  distinguish  be- 
tween properly  working  up  ideas  and  getting  new  ones,  between  resting  the 
brain  by  a  different  occupation  and  getting  new  thoughts  while  so  occu- 
pied ;  the  new  thoughts  may  perhaps  come  involuntarily  while  physically 
employed. 

Baths  of  various  kinds  seem  to  be  a  stimulant  to  some  persons. 

"Being  in  Harness"  is  an  imjiortant  factor,  as  in  the  case  of  the 
business  man  wlio  could  not  think,  could  not  plan,  while  on  a  vacation,  but 
the  moment  he  returned  to  his  dingy  office  his  mind  became  very  active. 
One  man  of  affairs  told  me  he  would  rather  wear  out  than  rust  out,  mean- 
ing that  although  he  felt  better  physically  while  away  from  his  old  occu- 
pation his  mind  was  dull ;  he  would  rather  not  feel  so  well  bodily  than 
to  have  ennui  and  boredom. 

Subconscious  Mental  Activity. 

Perhaps  the  most  interesting  phase  of  the  whole  subject  is  that  of 
so-called  subconscious  cerebration,  with  its  various  synonyms,  such  as 
automatic  cerebration,  uncfonscious  cerebration,  etc.  This  form  of  mental 
activity  is  to  be  clearly  distinguished  from  conscious  activity  on  the  one 
hand  and  from  dreaming  on  the  other;  it  is  neither.  Thus,  while  writing 
these  notes,  an  old  patient  to  whom  the  question  was  put  gave  me  a  gootl 
illustration. 

This  woman  is  a  clerk  in  a  county  treasurer's  office  (I  am  not  nam- 
ing the  county).  Ordinarily  she  doe=;  not  dream,  or  so  lightly  that  few 
of  the  dreams  are  recalled  the  next  morning.  She  has  what  may  be  con- 
.sidered  good  health,  but  at  times  d(»es  complain  of  some  minor  ills.  Twice 
a  year  she  works  under  great  stress,  at  taxpaying  time,  when  from  early 
morning  till  late  at  night  she  is  at  the  office,  taking  in  money  and  receipt- 
ing for  it.  After  a  day  or  two  of  this  hard  work  she  continues  the  work 
at  night,  "in  her  mind."  to  the  exclusion  of  sound  or  refreshing  sleep — the 
mind  automatically  and  in  spite  of  all  her  eftorts  to  prevent  going  over  and 
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over  the  work  of  the  day.  On  nocouut  of  the  Ijss  of  sleep,  etc..  she  be- 
gins to  suffer  in  health,  and  feels  sure  that  at  times  if  there  were  a  few 
more  days  of  it  she  would  breaic  down.  But  she  admits  one  advantagi*  of 
this  automatic  action  of  the  mind  or  brain :  Errors  are  constantly  oc- 
curring, and  when  the  books  are  l»alanced  at  night  no  one  can  account 
for  the  various  dist-repancies,  and,  of  course,  there  is  worry.  Now  in  her 
"night  work,"  during  tliis  automatic  cerebration,  she  generally  "sees"  just 
where  the  discreimncies  are  and  the  next  morning  is  usually  able  to 
make  the  corrections  promptly. 

She  has  some  well-detinetl  ideas  regarding  causes,  that  is,  of  the  ci»n- 
ditions  under  whicli  such  activity  comes  on,  and  I  shall  consider  her  re- 
marks later  on  in  summing  up  "causes"  and  "supposed  causes." 

Asked  about  dreams,  she  said  they  occurretl  in  tlie  winter  time,  rarely 
in  the  summer — the  exceptions  usually  being  times  of  actual  illnes**. 

Another  patient  told  me  that  as  a  boy  in  school  he  worked  out  liis 
mathematical  problems  wliile  in  l>ed  at  night.  After  he  left  s<»hool  this 
form  of  mental  activity  largely  disappeareil  and  now  only  oc<.^slonally 
returns;    he  utilizes  it  in  planning  his  business  affairs. 

Insomnia.     After  a  wakeful  period  at  night,  perhaps  of  an  hour  or 
two,  there  may  gradually  come  repose,  and  then  when   one  is  about  ti» 
fall    asleep,   subconscious  mental   activity   may   c<ime  on   with   a   tlow  of 
thoughts,    perhaps   valual>Ie    in    one's   work.     Then   comes   the   consciow 
thought,  "If  I  don't  jot  down  these  thoughts  or  ideas  they  will  be  lost: 
if   I   do   write,   then  tlie  composure   to  sleei)   will   disapi>ear   and   I   ^H 
again  l>e  wakeful  and  sleeples.s.     Shall  I  write  or  not?     Shall  I  put  the 
th(mglits  on  paper  or  get  the  sU?ep?"     While  undecide<l,  sleep  may  conie 
on,  there  may  even  be  a  dreaming  that  the  thoughts  have  been  written: 
the  mind  is  relieved  and  deep  sleep  follows.     In  the  morning  nothing  I" 
remembered  of  tlie  train  of  thoughts.     If.  however,  they  were  writtwi  out. 
then  on  awakening  the  whole  occurrence  likely  comes  vividly  to  mind. 
or  at  least  there  are  notes  more  or  less  clearly  decipherable.     This  nay 
also  occur  in  the  morning  when  one  is  alxiut  to  turn  over  for  another  iwi». 
and  then  this  mental  activity  is  confused  with  dreaming,  but  the  colier- 
ency  of  ideas  enables  us  to  distinguish. 

Sleepless  nights  of  jictivc  niin(lc<l  p<H)ple  who  utilise  their  tlMiOirfiti' 
arc  often  due  to  the  fact  that  they  do  not  want  to  let  go  of  the  thoughts 
that   comf.     Tlicy  lie  awake,  thinking  about  them,  or  they  will  be  kept 
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awake  by  the  very  act  of  writing  them  down.  When  the  mind  is  relieved 
and  sleep  is  about  to  come,  there  may  be  another  train  of  thought,  and 
this  too  must  be  disposed  of.  This  may  recur' over  and  over,  and  as  a  re- 
sult there  is  a  sleepless  night.  Insomnia  is  usually  considered  the  bane 
of  the  brain  worker,  but  perhaps  after  all  it  has  its  comi>ensations. 

Some  individuals  can  distinguish  very  clearly  between  dreaming  and 
subconscious  mental  activity.  Some  who  utilize  their  thoughts  refer  to 
the  latter  as  "inspiration,"  and  in  their  attempts  to  bruig  on  such  a  con- 
dition have  tried  all  sorts  of  experiments.  In  reading  biography  one  at 
times  comes  across  statements  that  seem  to  refer  to  this  ccaidition  of  mind, 
as  when  Voltaire  or  Poi)e  in  tlic  middle  of  the  night  calleil  for  his  clerk 
or  stenographer  to  take  down  a  train  of  thought.  Tiiis  form  of  mental 
activity  occurs  in  all  kinds  of  persons,  but  as  already  mentione<l  is  most 
marked  in  brain  workers.  The  cpiestion  naturally  arises,  What  is  back 
of  it  all?  What  produces  this  form  of  mental  activity?  By  gathering  a 
large  mass  of  data  one  may  l>e  able  to  arrive  at  st>me  conclusions.  One 
can  not  solve  the  i)roblem  from  a  study  of  b^oks,  it  must  be  studied  in 
living  persons  whom  one  can  question  about  details  and  anteceilents. 

Here  again  my  own  observations  have  been  confined  mainly  to  those 
iu  ill  health.  To  what  extent  automatic  mental  activity  is  a  <piestion  of 
me<licine  and  to  what  extent  a  i)rol»lem  in  jjsychology  may  largely  de- 
pend on  the  individual  studied,  as  well  as  on  the  student — on  his  knowl- 
eilge  and  purpose.  But  we  sliould  not  forget  that  tlie  umdern  psychologist 
studies  and  investigates  largely  liy  tiie  use  of  instruments,  in  liis  lab  ora- 
tory. 

To  study  the  influence  of  blood  pressure  requires  tiie  use  of  a  si)!iyg- 
mograph,  and  that  means  that  the  study  of  thought  stimulation  due  to  the 
changes  in  blood  pressure  is  beyond  the  man  who  makes  but  simple  ob- 
servations. The  man  not  coiniected  with  a  lal)(>ratory  might,  of  course, 
seek  out  a  physician  who  makes  blood  pressure  tests  and  would  interest 
himself  in  the  subject. 

On  the  other  hand,  auto-observaticms  of  what  is  going  on  in  one's 
own  mind  are  or  can  readily  be  made  l»y  any  one  who  will  take  tiie 
trouble  to  ol)s(»rve.  no  apiMiratus  being  rtMjuired.  unless  it  be  a  watcii  or 
clock  to  note  the  time  of  day  or  nii;ht  and  a  fever  tliermometer  in  th«» 
case  of  those  who  have  'lever  fantasy** — wliich  may  or  may  not  U*  dis- 
tinguishable  from   the   mental    activity    unacconq)anie<l   by   fever   or   dis- 


142 

turbnnce  in  the  temperature  of  the  body.  At  times  the  mental  stimula- 
tion may  be  wholly  out  of  proportion  to  the  rise  of  temperature,  and  I 
have  had  eases  where  there  seemed  to  be  a  high  temi)erature,  judging  by 
the  redness  of  the  face  and  the  complaints  of  the  patient,  and  yet  the  ther- 
mometer failed  to  reveal  any  elevation  of  temperature.  One  has  to  dis- 
tinguish between  "feeling  feverish"  and  having  a  real  fever,  that  is,  an 
actual  elevation  of  temperature. 

Just  now  a  fad  has  spread  over  the  country  which  gives  undue  im- 
portance to  this  form  of  mental  activity  in  the  treatment  of  ill  health  and 
the  cure  of  diseases.  It  would  seem  that  there  are  two  Icinds  of  psycho- 
therapists, the  real  and  the  pseudo.  The  former  limit  themselves  to  so- 
called  neuroses  and  functional  disturbances,  while  the  latter  ascribe  sub- 
conscious mental  activity  to  practically  everything — except  perhaps  to  the 
healing  of  broken  bones. 

I  have  already  referred  to  the  fact  that  some  individuals  make  sharp 
distinctions  l)etween  dreaming  and  subconscious  mental  activity  or  sub- 
c-onscious  cerebration.  I  myself  believe  these  are  two  different  processes 
but  one  will  have  to  give  close  attention  to  what  is  going  on  in  the  mind 
to  enable  him  to  discriminate.  As  to  the  possible  existence  of  a  "subcon- 
scious mind,"  as  an  entity,  that  is  another  question.  Perhaps  it  is  synony- 
mous with  the  "soul"  of  the  old  philosophers. 

Questioning  About  Dreams.  In  questioning  people  about  dreams  one 
quickly  learns  to  divide  dreamers  into  three  classes. 

There  are  those  who  "wonder  what  it  means,"  who  are  constantly 
speculating  on  the  significance  of  a  dream.  Some  will  tell  of  having 
heard  some  one  telling  of  seeing  a  certain  event  in  his  dream  and  found 
that  very  thing  to  have  actually  occurred  at  the  time  and  place 
indicated  in  the  dream.  They  will  tell  of  it  in  detail,  if  one  list- 
ens, and  then  ask.  Now  how  do  you  explain  that?  Personally.  I  have 
never  had  such  a  dream,  one  in  which  I  "saw  in  my  dream"  events  or 
incidents  that  actually  hapi>eno<l.  either  at  the  Instant  the  dream  occurred 
or  the  next  day  or  next  week,  or  at  any  lime.  Neither  have  I  met  a 
single  Individual  wiio  had  such  a  dream  or  "foresjiw"  an  uiiusnal  event. 
When  we  consider  that  out  of  thousands  and  thousands  of  dreams  some 
one  may  have  noticed  such  an  incident,  wc  must  coucludo  that  it  was 
simply  a  coincidonco.  as  where  during  a  thunderstorm  at  night  a  rehitive 
or  a  friend  exiK>8ed  to  the  storm  "is  seen,"  either  struck  by  lightning  or 
being  near  the  place  where  it  did  strike. 
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Now  it  would  seem  quite  natural  for  one  yylien  awakened  by  the  i)eal 
of  thunder  to  think  of  his  relative,  and  the  sudden  thought  may  be  mis- 
taken for  a  dream.  Even  if  it  were  a  real  dream  and  **came  true"  It 
must  still  be  regarded  as  a  coincidence,  as  one  instance  out  of  thousands 
of  dreams  the  rest  of  which  did  not  come  true.  We  hear  of  the  par- 
ticular one,  and  as  just  remarked,  at  second  hand,  or  even  a  number  of 
removes  from  the  orij?inal  source,  to  the  neglect  of  all  dreams  that  did 
nut  come  true.  At  times  we  see  a  mention  in  the  newspapers  of  dreams 
that  "came  true." 

A  second  class  Is  comiwsed  of  those  who  pay  no  attention  whatever 
to  dreams,  and  also  those  whom  one  can  not  interest  In  the  subject  at  all, 
who  may  even  express  disgust  at  the  very  idea  of  giving  a  dream  a  sec- 
ond thought.    This  class  is  as  unsatisfactory  to  the  student  as  the  other. 

'fliose  who  do  give  some  attention  to  dreams  and  may  he  made  to 
take  additional  interest  when  their  attention  is  called  to  the  subject  form 
a  third  class — the  class  I  have  in  mind  in  this  pajwr.  They  are  compara- 
tively few — but,  as  in  other  things,  to  the  few  we  owe  our  increase  in 
knowledge. 

Out  of  the  long  list  of  factors  and  conditions  enumerated  in  this 
paper  only  a  few,  perhaps  only  one  or  two,  may  play  an  important  role 
in  the  life  of  any  one  person ;  to  him,  however,  they  may  be  essential. 
As  an  example,  we  have  the  man  wlio  requires  the  quiet  of  the  country, 
or  on  the  other  hand,  the  man  who  requires  the  stinuilation  of  city  life. 

In  asking  for  data  one  can  put  the  question  in  several  ways:  In  the 
case  of  those  who  have  occasional  i>eriods  when  the  mind  is  very  active, 
we  can  ask,  "Under  what  conditions  does  this  occur?"  "What  causes  the 
mind  to  become  thus  active?"  While  in  those  whose  minds  are  nearly 
always  active,  but  where  there  are  occasional  intervals  of  inactivity, 
when  a  man  says,  "I  can't  think,"  we  may  ask,  "Why  not?" 


As  an  addendum  may  be  mentioned  several  other  factors  that  stim- 
ulate the  mind  and  bring  on  thoughts. 

Trying  It  on  the  Audience — "for  further  insi)irati(/n."  I  recall  how 
Dr.  Jordan  used  to  do  this  before  his  classes  in  Evolution,  as  he  himself 
told  us.  I  have  often  wondered  how  nuich  inspiration  he  got  from  a 
dull  class. 

An  Assigned  Task,  as  a  factor,  as  where  a  member  of  the  Academy 
sends   in  his  title,  and  as  the  time  f«ir  tlie  meeting  approaches  gradually 
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"gets  busy,"  knowing  that  his  iMiper  must  be  ready  at  a  certain  time — 
for  instance,  myself  during  tlio  Inst  few  days. 

Finally  may  be  mentioned  the  Annual  Academy  Meetings  us  a  source 
of  stinnilation  and  of  inspiration,  esi»eoialIy  to  those  of  us  who  live  in 
Isolation.    This  is  a  factor  in  thought  stimulati«m  not  to  be  undervalued. 
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Hygiene  of  Indoor  Swimming  Pooi^,  with  Suggestions  fob 

Practical  Disinfection. 


Hy  SEMijRANCE  H(:rraqe. 


The  "Ole  Swiminln'  IIoU»"  «)f  our  Imj.vIummI  djiys  is  dtNiiiied.  The  fa- 
vorite »|M>t  in  i>ond  or  stream  to  wliich  we  used  to  an  after  s<*h<Kil  for  a 
jftMMl  swim  and  play,  with  no  tliou^lit  for  tlie  microlie  in  Uie  water  nor  the 
iKithin^  suit  f«)r  our  hodies,  is,  for  the  l)()y  of  today  ahnost  unknown,  and 
for  the  boy  of  the  future  will  be  but  an  unrealizable  dream.  With  the 
advance  of  civilization  these  swimming  holes  are  being  replaced  by  public 
bath-houses,  and  to  these,  or  to  gymnasiums  that  are  provided  witli 
swimming  tanks,  the  boys  must  go  for  their  swhn.  Tlie  streams  and 
IK>nds  have  become  iwUuted  to  such  an  extent  that  it  Is  dangerous  for 
the  iKjys  to  bathe  therein.  This  is  the  result  of  the  increase  in  population, 
couiiled  with  the  great  carelessness  of  individuals  and  communities  in  the 
dis|H)sal  of  wastes.  This  replacement  of  the  natural  swimming  pool  by 
tlie  Indoor  swhnming  i>ool-  may  carry  with  it  new  unhygienic  conditions, 
and  it  is  a  discussion  of  these  conditions  and  their  elimination  that  forms 
the  purpose  of  this  paper. 

CONSTRUCTION   Of    IND(K)R   SWIMMING   POOLS. 

One  of  the  first  requirements  in  the  sanitary  constrmrtion  of  the  Indoor 

swimming  pool  is  that  it  must  be  so  constructed  that  it   may  be  easily 

cleaned.    To  this  end  the  surface  of  the  lining  material  of  the  pool  should 

l>e  very  smooth,  such  a  surface  as  is  i)rovided  by  glazed  tiles  so  laid  as 

to  avoid  all  cracks  and  crevices.    At  the  angles  formed  by  the  meeting  of 

the  sides  and  floor  of  the  ikxjI,  curve<l  tiling  should  be  used,  which  would 

give  the  same  result  in  the  border  of  the  pool  flooring  as  is  obtained  in 

the  angleless  baseboard  in  up-to-date  liospitals  and  oi)erating  rooms.     The 

ahnost  universal  deposit  of  a  slimy  se<liment   in  these  pools,  even  when 

the  water  Is  comparatively  clear,  makes  it  ne<*essary  to  provide  for  an 

easy  and  complete  cleaning.    A  concrete  or  cemenr  lining,  made  as  smooth 

.  as  it  is  possible  to  make  it,  furnishes  a  surface  that  is  difficult  to  keep 
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A.  swlinmluK  pool  lined  with  the  Klnic^  tl'e  referred  to  iiliove  ie  Hhowa 
lu  Pig.  1,  Purdue  rnlrersity  Memorlnl  OymniiHinm,  1901). 

In  addition  to  tlie  outlets  for  the  water  Id  tlie  hnttoiii  of  tlie  pool,  It. 
la  adTlsable  to  have,  at  the  overflow  point,  a  niifllc'lent  nmiiher  of  outlets, 
or  a  trongh  eitendliig  nil  arouud  the  pool,  ho  that  wlien  ii  scum  or  dirt 
coilecta  on  the  surface  of  the  water,  the  upper  layers  may  be  drawn  oft 
without   aecemarily  emptyinf;  llie  whole  pool. 


The  floor  of  the  pool  room  should  be  su  diniued  that  water  dri|}|)lng 
[rom  battlers  who  have  come  out  of  the  pool  cnti  nut  collect  In  puddlen. 
and,  furthermore,  euch  water  shoald  drain,  not  back  into  the  pool,  but 
Into  the  overflow  waste  pipes. 

The  Wateb  Sltpi-y. 

The  water  supplied  to  the  swimming  i>or)l  must  lie  pure,  imrt  every 
poaalble  meana  uaed  to  keep  It  s»  durlnn  nud  after  its  use  by  the  bathers. 
The  neareat  approach  to  an  Ideal  water  supply  for  an  Indoor  swimming 
pool  would  be  the  provision  for  a  pure  water  to  start  with,  nnd  a  coutlnu- 
ooa  change  of  water,  during  the  use  of  the  pool,  the  rate  of  this  change 
being  governed  by  the  number  of  batiiers  in  the  jiuol.  In  moat  cases  this 
la  out  of  the  question  on  account  of  the  exiwiisc. 

The  wilier  of  these  pools  is  not  exposi-il  to  Hip  aiiiny  pnrifyiuK  fac- 
tors that  alTe^'t  out-door  waters.  The  ihmiI  Is  usually  locaterl  in  the  bnae- 
ment  nr  in  buildings  the  interior  of  which  tiic  dlre<l  i-ays  i>r  the  sun 
aeMom  roach.  Thua  one  of  the  nmwt  imrwrtant  factors  In  the  [  mil  Ilea  ti  on 
of  nataral  waters  is  removed.     It  is  true  that  the  water  does  get  some 
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aeratioQ  wblle  tbe  bntbers  are  stlrrlug  It  up,  but  becniine  of  tfae  cim- 
Btnnt  cun  til  ml  II  lit  ion  ut  sticli  times,  this  aeration  onnuot  be  counted  npMi 
as  very  much  of  a  purifying  fnctor.  During  tbe  limes  when  tbe  pool 
Ih  not  being  used,  when  the  wnter  is  stflgnnnt.  n'>  purlflcotioD  is  tail- 
iug  place.  On  the  contrary,  bacterlaloglcbl  t^ets  have  shown  that  there 
is  au  Increase  In  tbe  liacterial  content,  particularly  if  the  water  has  been 
waruieil  up  to  a  teni[ieralure  of  ?5  degrees  Falir.  or  over.  Tbere  is  eon- 
sUlei'iible  sedimentation  during  sacb  times,  l>nt  if  this  sediment  remains 
lu  tbe  l)i>ttoin  of  tbe  {hkiI  to  be  stirred  up  when  the  bathers  next  use  Ibe 
water,  this  ciinnot  be  looked  uihid  as  purification. 

The  cold  plunge  nt  tbe  Floisflimanu  lintbB.  Xew  York  City'  lias  "eoor- 
mous  windows  uf  plate  glass  facing  soulb  and  the  medicine  of  the  sua 
and  tbe  g^nry  of  ilie  sky."  {Fig.  C.)  Comparing  this  eteKimi  sunur 
l>ool  riioni  with  tbe  con<lltiou  in  our  average  haitentent  swininiiiii;  pools. 


It  makes  the  latter  look  dark  tind  glo(in),r.  Tbe  ikkiI  room  at  tbe  Pordof 
iC.vintiaKlum  Is  on  the  sontb  side  of  the  building,  and  tbe  windows  are  liiF 
for  a  liiisement  roiim,  and  yet  even  tills  dues  not  get  the  necessarf  MD- 
light  for  purpiHses  of  iiui'inciitioii  of  the  water. 

At  tbe  swimming  iuillis  at  l-ecils.  England  (Cookridge  street).  ttKHtf- 
llght  Is  used  for  llglilliit:  ibe  rnoiiis.  but  even  here  the  effect  la  none  too  bril' 
Ihllit.     (Fit-'s.  :'.  and  4.)' 
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Pollution  of  Water  by  Bathers. 


A  bacteriological  study  of  the  water  used  by  a  bather  at  the  Victoria 
Baths  at  Bonn,*  shows  well  the  character  and  amount  of  i>ol]ution  that 
may  take  place  in  public  baths.  The  test  was  made  on  a  stoker  (Heizer), 
who  was  made  to  wash  In  a  tub  for  three  minutes,  using  no  soap.  Before 
tlie  test,  the  bath  water  contained  24  bacteria  in  a  cubic  centimeter,  and 
no  Bacillus  (xtJi.  After  the  three  minute  washing,  the  bath  water  con- 
tained 1.900  bacteria  and  40  BaoiUns  colt  in  each  cubic  centimeter. 

Bacteriological  tests  made  by  the  writer  on  the  water  of  the  swimming 
pool  in  the  new  memorial  gymnasium  at  Purdue  University  demonstratetl 
the  presence  of  930  bacteria  per  cubic  centimeter  in  the  water  of  the  i)ool 
before  being  used  by  the  bathers.  After  use  by  al>out  thirty  bathers,  all 
of  whom  were  supix)8ed  to  have  taken  a  soap  shower  l)efore  entering  the 
|X)ol,  the  bacterial  content  was  109.200  i)er  cubic  centimeter.  Tests  were 
made  for  Bacillus  coli,  and  tlie  results  were  consistently  i)ositive  after  the 
1KK>1  had  been  used.  The  water  immeiliately  after  cleaning  the  pool  and 
refilling  gave  consistently  negative  results  for  Bacillus  cnli. 

The  available  literature  gave  almost  no  data  as  to  bacteriological 
analyses  of  swimming  pool  waters.' 

DISEASE   DANGERS    IN    SWIMMING    POOLS. 

There  are  great  chances  for  the  dissemination  of  germ  diseases  through 
indoor  swimming  pools.  The  results  of  the  bacteriological  tests  given  in 
the  preceding  paragraphs,  which  showed  the  constant  presence  of  the 
Bacillus  coli  in  the  water  use«i  l)y  bathers,  demonstrates  the  possibility 
of  intestinal  diseases,  particularly  typhoid  fever.  Wliile  bathers  do  not 
swallow  the  water  intentionally,  it  is  next  to  imiM)ssible  to  avoid  getting 
some  water  into  the  nose  and  inouth,  which  would  ultimately  reach  the 
intestinal  tract.  One  does  not  have  to  be  sick  or  to  have  any  symptoms 
of  typhoid  fever  to  disseminate  the  germs  of  that  disease.  This  is  well 
shown  in  the  notorious  case  of  "Typhoid  Mary"  in  New  York.' 

Diseases  of  the  respiratory  tract  have  an  unusual  chance  to  be  spread 
in  the  swimming  pool.     The  bather  with  incijjient  tuberculosis,  pneumonia 


'  Ziir  HyKiono  dor  llalK'HsrhwImmbod"'.  Dr.  Soltor.  Ans  dom  Hyplonlsclion 
lost,  dcr  Vniv.   Honii.      Uiindsrliaii.   !)<•<>.   1,   VM)H. 

2  IIosso,  Dresdin.  Zeltsclirlft  f.  Ilyj:.  Bd.  25.  Eden.  Hcrlln.  Arch,  f.  Hyg.  Bd. 
10.     Koslili.  Gratz.     DIose  Zeitselir.  1S98,  S.  361, 

»  Whipple.    Typhoid    Fever, 
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or  tonsillitis,  with  his  sputtering,  coughing,  snorting  and  emitting,  would 
undoubtedly  infect  the  water  with  the  specific  germs  of  those  diseases. 
Ordinary  colds  and  sore  throats  following  the  plunge  bath  are  frequently 
laid  to  the  effects  of  the  bath,  while  in  most  cases  such  results  are  ua- 
doubtedly  due  to  germ  infection.  One  of  the  factors  which  lead  the  writer 
to  take  up  this  subject  was  an  epidemic  of  colds  among  the  users  of  the 
Purdue  swimming  pool  this  fall. 

Venereal  diseases  could  be  transmitted  through  the  agency  of  the 
swimming  i>ool.  One  case  of  gonorrhoea  could  infect  many  eyes  in  a 
crowded  swimming  pool. 

It  is  practically  impossible  to  comi)el  the  bathers  to  submit  to  a  com- 
plete medical  inspection  and  physical  examination  before  they  are  allowed 
to  enter  the  pool,  and  yet  from  many  points  of  view  this  would  be  a  most 
desirable  thing. 

The  least  that  can  be  done  for  the  protection  of  the  bathers  is  to  in- 
sist that  certain  rules  be  strictly  adhered  to.  For  example,  such  rules  as 
the  following  are  posted  prominently  in  the  Purdue  gymnasium : 

TAKE  A  SOAP  SHOWKR  BEFORE  ENTERING  POOL. 

All  gj-mnasium  privileges  will  be  denied  persons  affected 

by  any  contagious  or  communicable  disease. 
All  i)erson8  must  take  a  soap  shower  before  entering  the 

pool. 
All  persons  using  the  pool  must  wear  bathing  suits  or 
trunks. 
Of  course  facilities  must  be  provided  for  the  required  showers,  and 
each  person  should  provide  his  own  towel  and  soap. 

In  the  Central  Baths,  Bradford,  England,  special  arrangements  are 
provided  for  washing  the  feet,*  a  most  desirable  thing  as  a  prerequisite 
to  the  use  of  the  pool.     (See  Fig.  7.) 

PRACTICAL  PUniFICATION    OF   WATER  IN    SWIMMINCJ   POOUB. 

The  amount  and  character  of  the  pollution  in  swimming  pool  waters 
ix>int  very  clearly  to  the  need  of  some  practical  process  of  purification.  In 
most  cases  it  is  too  exi>ensive  to  have  a  continuous  change  of  water,  and 


»Centrallzod  Public  Baths.     Bertha  H.  Smith,  Modern  Sanitation.     November, 
1009. 
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•me  too  espenBlve  to  change  tbe  water  once  or  twice  a  week.  At  tUe 
ral  Batbs,  Bradford.  England,  tbe  wuter  is  Altered.  The  expense  o' 
ping  tbe  water  and  caring  for  the  Alter  dues  not  make  tbe  Qltratlon 
!B8  a  particularly  economical  one. 

It  occurred  to  the  writer  that  some  chemical,  as  copper  sulphate  or 
'Ide  of  lime,  both  of  which  are  being  used  extensively  in  the  purliica- 
of  Bewage  and  sewage  polluted  waters,  might  be  used  in  the  treatment 
vimniing  pool  waters  with  but  small  ext)euse.  Inquiries  In  many  dl- 
cms  and  a  careful  search  In  available  literature  resulted  In  but  scant 
luation.  A  single  reference'  reported  the  use  of  a  chemical,  an  "elec- 
tlc  fluid,"  by  tbe  medical  officer  of  health  of  the  raetroi)olitnn  borough 


opiar,  Mr,  F.  W.  Alexander.  This  fluid  Is  obtained  by  the  electrolysis 
soliitiiiu  containing  niagnealum  chloride,  the  result  being  a  solution 
iignesium  hypoclilorlfe.  Treatment  of  water  in  swimming  baths  by 
luid  was  thought  to  be  slmiile,  economical  and  efficient,  bacteriological 
on  water  so  treated  glvina  sterile  results. 

©fore  finding  this  reference  tlie  writer  had  conducted  a  series  of 
'u  tbe  water  of  tbe  swimming  pool  at  the  t'urdue  gymnasium,  using 
e  or  lime. 

niiierclal  chloride  of  lime  (blenchluc  powder*  is  usually  manufac- 
F  I'usaj,)g  flry  chbirine  gas  over  freshly  slaked  lime,  the  chlorine 
nrin<?    .Xraprlran  Suppl.  No.   1785.  Oft.  30.   1000. 
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lieliig  obtained  by  the  electrolysis  (»f  sjilt.  This  chh)ride  of  lliiie  is  i*<mi- 
InikimI  hirjrely  oC  <':il('iiini  IiyiMM-hlorite.  Wlieii  ndded  to  water  this  1i.vik>- 
ohhirite  dissolves,  ieaviii};  a  residiu*  of  eal<*iuui  hydrate  aud  calcium  car- 
tK)iiate.  Both  of  these  sul>staiices  are  entirely  harmless  factors  in  a  bath 
water.  The  oxidizing  i>o\ver  of  the  commercial  chloride  of  lime  is  repre- 
sented by  al>out  .Mr>  i>er  t-ent  of  available  <'hlorine.  It  is  nascent  oxygen 
that  is  the  purifying  fact<»r,  not  the  chhtrine. 

The  <*aimcity  of  the  Purdue  swimniing  |mm»1  is  sr>.(MX)  gnihms,  ami  tWl> 
grams  of  the  chloride  <»f  lime  were  usetl  at  eacli  dose.  This  would  lie  about 
the  eciuivalent  of  2i)  pounds  to  the  million  gillons.  Hefore  starting  tlie 
e.\i>eriinent  with  the  chemical,  bacteriological  analyses  were  made  of  tlie 
water  for  a  week,  the  pm)l  l)eing  emptie<l  twice.  No  attemi>t  was  made  to 
keep  track  of  the  numlier  of  bathers  In  the  im)o1. 

The  following  table  shows  the  n»sults  of  the  analyses  for  tlie  weelc 
before  using  the  chemical  dosage,  <*ompnred  with  the  results  of  the  analyses 
for  the  week  while  the  dosage  was  going  on.  During  the  latter  week,  that 
is,  while  the  tank  was  being  dosed  with  the  cliemical,  the  water  was  not 
changed  at  all. 

The  method  of  applying  the  chemical  was  to  sprinkle  It  on  the  surface 
of  the  water  in  the  pool.  This  was  easily  done  with  one  trip  around  tlie 
edge,  throwing  the  imwder  as  one  walked.  The  time  w'cupletl  In  this 
process  was  less  than  two  minutes. 

.Vo.  of  Bavtcrhi 
Itatr.  pcrc.c.  H.Coii. 

Monday,  November  1,  pool  just  filled 5<»0  None 

Evening,  after  use 0,100  Present 

Tuesday  a.  m.,  November  2 20,050  l*reseni 

Evening,  after  use .'{T.tKJO  Present 

W<Mlnesday  a.  m.,  November  :\ 27,S00  l*re»eiit 

Evening,  after  iis(» r»0„l(K)  Present 

Tank  emptie<l. 

Thurs<lay  a.  m.,  just  after  filling 1>:W>  None 

Evening,  after  use s,500  Present 

F>lday  a.  m..  temperature  <.f  water  85  Fahr 100.200  Present 

F:vening.  after  use 1(m;,400  Present 

Saturday  a.  m.,  November  0 1  IS.OOO  Present 

Evening,  after  use 140.000  Present 


15:^ 


Monday,  November  15,  pool  freshly  filled 780  None 

Evening,  after  use 23,100  Present 

Pool  dosed  with  UHO  grams  chloride  lime.  ^ 

Tuesday,  November  16,  a.  m 26  None 

Evening,  after  use 12,000  Present 

Pool  dosed  with  chloride  of  lime. 

Wednesday  a.  m.,  November  17 14  None 

Evening,  after  use  (no  sample). 
Pool  dosed  with  chloride  of  lime. 
Thursday  a.  m.,  Noveml)er  18,  water  had  not  been 

changed  as  was  usually  done t)  Noaie 

Evening,  after  use  (no  sample). 
Pool  not  dosed. 

Friday  a.  m.,  November  19 11,200  Present 

Evening,  after  u.<c 20,500  Present 

Dosed  with  chloride  of  lime. 

Saturday,  November  20 18  None 

Evening  (no  Rami)Ie). 

A  study  of  the  results  shown  on  this  table  indicates  that  the  effect  of 
the  chloride  of  lime  treatment  is  almost  complete  sterilization.  The  sam- 
ples of  water  taken  the  morning  after  the  water  had  l>een  dosed  in  no  case 
showed  more  than  26  bacteria  per  cubic  centimeter.  And  what  I  believe 
to  be  a  very  important  factor  is  that  the  general  average  of  the  bacteria 
is  lower,  much  lower,  than  during  the  weelc  when  the  chemical  was  not 
used.  The  effect  of  stopping  the  dosage  is  prettily  shown  in  the  Friday 
morning  sample.  November  19.  The  i>ool  is  used  by  the  "coeds"  and  faculty 
ladies  on  Thursday  evenings,  and  it  was  inconvenient  for  the  writer  to 
arrange  to  have  the  sample  collected.  No  arrangement  was  made  to  have 
the  chemical' applied. 


SIMMABY    AND   CONCLUSIONS. 

There  are  certain  dangers  to  health  in  the  indoor  swimming  pools. 
The  construction  of  the  pools,  the  enforcement  or  neglect  of  rules  govern- 
ing those  who  une  the  p<M)ls,  the  proi>cr  attention  to  the  water  supiily,  as 
to  its  purity  before  use  by  the  batiiers  and  after  use,  all  have  a  rjlrert 
t>earing  on  the  extent  of  these  dangers. 


On  nrt.-uuiit  of  the  oxiN-iiKf  it  in  iifiii'ticnllj'  impusi^ble  to  provide  tor 
n  oiint iDTioiis  ehimge  of  llie  wnliT.  Tlie  Mllnitlon  of  the  imwI  wiitw  ntier 
use  hIso   [iiviilvi-s   R'liiit'   IrouUle  iiiid   ('xihjii"*^.     'I'hi;   use   of   i-ort:iEn  illsio- 


iTp  iitiil  or'oiuimlpnl.     The  wrltpr  wouW 
I'l'lii^i  hiirilcr  ti.  niiply  in  tiic  i""'! 


155 


wjiter.  They  would  have  to  be  thoroughly  stirred  Into  the  water.  The 
substnnce  used  by  the  writer,  clilorlde  of  lime.  Is  s{>r1nkled  on  the  surface 
of  the  water,  and  it  to  a  great  extent  disiributes  itself  by  sinking  through 
the  water.  The  results  of  the  bacteriolopifal  tests  rerlainly  indicate  that 
the  subKttim-c  iiiis  n  very  Ki-eat  inirlfyiriK  jHiwer. 


The  Indoor  swimming  pool  is  a  valuable  hygienic  factor  in  our  public 
baths  and  gyiunashiinB.  It  makes  the  bath  attrnclive  to  mauy  who  would 
otherwise  look  upon  bathing  as  a  bore.  Anything  which  will  tend  to  make 
the  boys  and  girls,  youths  and  maidens,  men  and  women  bathe  more  fre- 
Quently  is  desirable.  But  the  swimming  pool  has  Its  dangers,  and  most  of 
these  depend  not  upon  the  users  of  the  pools  alone,  but  much  more  on  the 
construction  and  management  of  them.  Therefore  we  must  look  to  the 
builders  and  directors  of  our  baths  and  gymnasiums  for  the  satisfactory 
hygiene  and  sanitation  of  Indoor  swimming  pools. 


I 
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The  Problem  of  Sewage  PuRiFtcATioi^  in  Indiana. 


Hy  U.  L.  SAC'Kh"iT. 


CONDlTIOlfS. 

As  the  iM>imlatiou  of  a  city  Increases,  the  difficulties  of  obtaining  a 
itticient  water  supply  which  is  free  from  contamination  by  sewage  be- 
anies more  and  more  ditficult.  It  is  now  a  well  established  fact  that 
iwage-contaminated  waters  are  to  a  considerable  extent  the  cause  of 
immer  cromplaint  and  other  bowel  troubles,  besides  the  more  dangerous 
sease,  typhoid  fever.  The  extensive  death  rate  among  children  Is  in 
•me  measure  chargeable  to  impure  water. 

There  are  very  few  large  cities  that  are  able  to  obtain  a  ground  water 
satisfactory  quality  and  quantity.    We  are  therefore  driven  to  the  use  of 
irface  water. 

0B.JECT   OF   8RWA0B  PURIFICATION. 

Large  volumes  of  sewage  are  discharged  into  the  White,  the  Wabash 
id  Ohio  rivers  and  their  branches,  also  into  Lake  Michigan,  by  the  cities 
tuated  near  them.  In  order  to  maintain  a  stream  in  a  condition  ap- 
•oaching  normal  purity,  methods  for  the  purification  of  sewage  are  ap- 
ied,  so  that  the  resulting  eftluent  discharged  into  a  stream  is  purer.  This 
irification  is  obtained  by  some  method  of  oxidation  which  will  remove 
le  putrefactive  material  or  higlily  organized  food  on  which  pathogenic 
icteria  live. 

Sewage  purificaticm  is  a  relative  matter,  and  absolute  purity  of  the 
fluent  is  practically  impossible  and  generally  is  unnecessary.  The  prob- 
?m,  then,  is  to  adapt  available  means  to  the  conditions  in  order  to  eco- 
omicaliy  defend  the  people  against  water-born  diseases. 

Dilution  may  be  considered  a  process  of  purification,  and  therefore 
tie  larger  the  volume  of  pure  water  available  in  a  stream  the  lower  the 
ercentage  of  purification  required,  for  wherever  there  is  running  water 
^t  already  contaminated,  oxygen  is  i)re8ent  and  some  purification  takes 
ace;   vegetation  and  sedimentation  also  assist. 

The  old  theory  that  a  stream  would  purify  itself  in  a  flow  of  ten  miles 
fts  a  dangerous  one,  because  it  depended  distinctly  on  conditions. 
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In  many  instances  no  doubt  typhoid  has  been  carried  thirty  miles  by 
a  river,  and  tlien  has  caused  a  serious  epidemic. 

PROCKSS    OF   PURIFICATION. 

While  a  certain  anuiunt  of  i»urification  talces  place  in  a  septic  tank, 
its  otlice  is  rather  that  of  changing  the  organic  matter  from  the  condition 
of  suspension  to  one  of  solution.  Hence  it  is  now  more  frequently  called 
a  hydrolytic  tank.  It  is,  however,  important  in  that  it  makes  the  succeed- 
ing processes  of  nitrification  easier  and  permits  of  much  more  rapid  treat- 
ment than  would  otherwise  be  possible. 

The  second  step  is  one  of  several  types  of  filtration.  First,  we  might 
place  the  slow  sand  filter,  which  was  usually  some  3  or  4  feet  deep ;  over 
the  surface  sewage  flowe<l  either  continuously  or  intermittently,  the  latter 
l)eing  the  more  efiicient  method. 

A  second  form  was  the  ccmtact  filter,  which  was  a  tight  tank  filled 
with  broken  stone,  c(»al  or  hard  clinkcM*.  Tliis  tank  was  filled  with  sewnge 
from  the  bottom,  and  after  a  time  was  emi»tied  automatically. 

The  third  and  most  successful  tyi)e  of  filter  is  fonned  of  stone,  about 
one-half  inch  in  diameter.  Over  the  surface  sewage  is  sprayed  or  sprinkled 
pericKlically  by  automatic  8yi)hons. 

After  filtration  there  Is  still  left  some  organic!  matter,  but.  If  the 
process  Is  successful,  it  does  not  cause  putrificatlon.  It  is  quite  probable 
that  some  bacteria  pass  through  the  filter  and  thus  gain  access  to  the 
stream.  Hence  It  has  been  proposed  that  where  a  high  degree  of  purifica- 
tion is  necessary  the  effluent  from  the  filters  should  be  sterillze<l. 

PIRIFICATION    PLANTS   IN    INDIANA. 

Two  or  three  tanks  were  installed  in  Indiana  some  ten  years  ago,  and 
a  set  of  four  small  sand  filters  was  at  one  time  (about  1900)  in  operation 
at  Indiana  Harbor,  but  has  since  been  abandoned. 

The  oldest  plant  still  in  operation  is  at  the  Eastern  Indiana  Hospital 
for  the  Insane  near  Richmond.  It  consists  of  a  concrete  tank  and  inter- 
mittent sand  filters.  It  treats  the  sewage  of  about  1,000  people  and  leaves 
the  stream  into  which  the  eflluent  flows  in  a  very  satisfactory  condition. 
It  was  built  in  1001  at  an  expense  of  $9,000.  The  cost  of  oi)eratlon  has 
been  negligible. 
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The  second  plant  of  any  size  was  built  at  the  Southern  Hospital  near 
Evansville.  It  was  a  chemical  precipitation  plant  using  lime  or  soda  ash. 
After  precipitation  in  large  concrete  tanks  the  sludge  was  pumped  to  a 
press;  the  resulting  cake  of  organic  matter  was  dumped  into  a  cistern 
made  for  the  purpose.  The  cost  of  the  plant  was  originally  $18,000,  and 
the  cost  of  oi)eration  about  $1,200  per  year. 

It  was  replaced  in  1905  by  a  three-step  process  which  included  tanks, 
stone  Alters  and  finally  intermittent  sand  filters. 

The  conditions  here  required  a  high  degree  of  purification.  The  popu- 
lation is  approximately  1,000,  and  the  cost  of  operation  is  probably  less 
than  $200  per  year.    The  cost  of  reconstructing  the  plant  was  $10,000. 

In  1908  the  city  of  Bloomington  C(  nstinicted  a  system  of  sanitary  sew- 
ers and  installed  a  purification  plant  consisting  of  a  central  concrete  tank 
and  two  series  of  stone  filters,  the  latter  being  sprinkling  filters. 

Angola,  a  city  of  alx)ut  three  thousand  populatl(.n,  is  now  construct- 
ing a  system  of  sewers  and  a  sewage  purification  plant  consisting  of  sedi- 
mentation tanks,  stone  filters  for  the  first  treatment  and  sand  filters  for 
the  final.  The  city  will  build  a  second  plant  next  year.  The  cost  of  the 
two  plants  will  be  about  $20,000.  The  cost  of  operation  of  these  small 
municipal  plants  will  be  watched  with  interest  as  it  will  determine  in 
some  measure  the  details  of  future  designs. 

The  city  of  Laporte.  with  a  population  of  12,000  and  rapidly  growing, 
is  completing  plans  for  a  system  of  sewers  and  is  providing  for  sewage 
purification. 

The  city  of  Shelbyville  is  also  constructing  a  system  of  sanitary  sew- 
ers, and  the  entire  town  looks  forward  to  sewage  purification  at  some  time. 

There  is  no  question  but  that  the  educational  propaganda  which  the 
State  Board  of  Health  has  been  pursuing  is  bearing  fruit.  The  state  in- 
stitutions themselves  are  with  a  few  exceptions  well  provided  with  a  good 
water  supply  and  sewage  purification  plants  where  they  would  otherwise 
prove  a  danger  to  neighboring  comn^unities. 

There  can  be  no  doubt  but  that  this  movement  toward  pure  water  will 

have  a  measural»lc  effect  upon  the  morbidity  and  mortality  of  the  State. 

Purdue  University. 
Lafayette,  Ind. 
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That  Erroneous  Hiawa^tha. 


By  Albert  B.  Reagan. 


Hiawatha,  bero  of  TiOiigfellow's  iK)em  of  the  same  name,  is  not  recoj?- 
nize<l  as  a  hero  p:od  l>y  the  Chlpi)ewa  Indians.  Neither  the  name  nor  the 
person  designated  occurs  in  the  mytholojry  of  these  people.  Their  god  is 
^fenibusha,  and  tlie  only  word  approaching  Hiawatha  is  Ket'-che-wah'-sah. 
which  means  "afar  off."  Tlirough  the  kindness  of  the  Indian  missionary 
and  court-agency  interi>reter  here.  Rev.  Frank  H.  Pequette.  who  is  himself 
a  Chipi>ewa  and  has  lived  and  prea»^hed  in  various  parts  of  the  Chippewa 
country.  I  quote  his  own  summing  up  of  this  subject : 

"When  a  white  man  asks  an  American  who  is  the  greatest  man  of  his 
country  lie  ans>vers,  '(Jeorgo  Washington.'  But  I  am  here  to  declare  that 
Hiawatha  is  not  the  hero  of  my  race.  This  i)ersonage  is  unknown  to  the 
Chippewa  Indian. 

•The  Indian  lad  sitting  in  tlie  forest  with  his  how  and  arrow,  oljsorv- 
Ing  the  trees  and  the  sky  and  the  sand  and  the  water  of  the  Great  Lakes 
and  the  animals  and  the  fishes,  asks  him.self.  'Who  made  these?'  He  cannot 
answer  the  question  himself,  so  lie  asks  the  old  medicine  man  of  his  tribe. 
'Menibusha,'  answers  the  sage.  *Menibusha  made  the  earth,  sky,  the  sun, 
moon  and  stars,  and  the  wild  things  and  the  fishes,  and  he  made  you  also, 
my  son.'  So  says  the  me<licine  man  of  the  tribe.  Menibusha  also  made 
the  land,  the  island-continental  surface  on  which  we  now  live.  He  is  the 
first  brother  of  all  mankind  and  now  lives  in  the  East. 

"All  the  Indians  before  they  l)ecame  Christians  (that  is,  all  Chippe- 
was)  supix>sed  that  Menibusha  was  the  Sui)reme,  the  greatest  man  and  god 
of  his  nation.  And  when  the  first  white  nmn  a.«iked  the  Indian  the  ques- 
tion who  was  their  greatest  jiersonage  the  Indian  replied,  'Menibusha.' 
*Where  does  he  live?'  of  course  asked  the  wliito  man.  *Ket'-che-wah'-.sah,' 
replied  the  Indian — meaning  (that  ho  was)  afar  off.  The  white  man's 
ears  were  liot  tuned  to  the  Indian  sounds  used  in  pronunciation  and  he 
caught  it  Hiawatha,  which  did  not  mean  go<l.  but  *afar  olT' ;  and  one  great 
white  fellow.  Longfellow  by  name,  wrote  our  legends  with  this  unknown 
Hiawatha.     But  this  Hiawatha  is  not  known  to  us  Indians." 

[11—23003]  . 
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Medicinal  Value  of  Eupatorium  Perforatum. 


By  A.  J.  BiQNEY. 


Eupatorium  perfoliatum,  conmionly  known  as  thoroughwort,  or  buueset. 
Is  a  well-known  plant,  yet  its  real  medicinal  value  is  not  as  well  known 
as  it  should  be.  This  plant  varies  from  two  to  four  feet  in  height,  blos- 
soming in  August  and  September,  and  Is  abundant  in  flat  and  swampy 
lands.  It  seldom  grows  in  hilly  sections.  Nature  seems  to 'have  made 
provision  for  the  curing  of  the  diseases  prevalent  in  certain  regions.  In 
8wanipy  countries  chills,  malarial,  intermittent,  typhoid  and  other  fevers 
are  common.  Since  boneset  occurs  in  these  localities  and  is  particularly 
valuable  for  curing  such  diseases  it  seems  to  substantiate  the  above  state- 
ment. 

The  blossoms,  small  branches  and  leaves  are  the  parts  generally  used. 
It  has  four  medicinal  properties — an  emetic,  a  tonic,  a  light  laxative  and 
a  diaphoretic.  As  a  diaphoretic  it  should  be  taken  hot  just  before  retiring. 
This  is  specially  helpful  for  colds  and  fevers.  For  restoring  the  powers 
of  the  stomach  it  is  better  to  take  boneset  cold. 

For  the  diseases  already  mentioned  boneset  has  been  known  and  used 
as  a  home  remedy  for  a  long  time.  In  the  so-called  la  grippe  it  has  not 
been  used  very  extensively  so  far  as  1  can  learn.  Some  prominent  physi- 
cians say  it  is  almost  a  si)eclflc  for  It. 

My  experience  in  its  use  dates  froMi  the  first  api)ea ranee  of  la  grippe 
in  this  community,  about  1889.    As  soon  as  the  symptoms  begin  a  teacupful 
of  the  infusion  of  the  boneset  is  taken  just  before  retiring.    This  produces 
some  perspiration,  strengthens  the  nerves,  regulates  the  digestive  organs, 
thus  giving  the  body  an  opportunity  to  increase  the  building  up  of  the  sys- 
tem, and  in  this  way  the  resisting  power  is  sufficient  to  overcome  the  dis- 
ease.    Occasionally  the  next  day  some  of  the  cold  infusion  may  be  taken, 
always  before  meals,  for,  after  eating,  the  emetic  i)ower  may  predominate. 
The  next  night  the  hot  solution  should  be  taken.     Usually  this  kind  of 
treatment  will  cure  the  disease  without  going  to  bed  at  all.    This  treat- 
ment should  \ye  taken  early  in  the  development  of  tlie  disease  in  order  to 
pet  the  lK»8t  results. 
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The  first  time  of  taking  it,  it  should  not  i)0  vevy  strong;  until  a  iierson 
fimls  out  its  noti<m  on  Ills  stcmiach.  for  tlio  onietic  Inflnenot*  is  exerted  luiich 
stronger  in  sonu'  ihm'sods  tluin  in  otliors.  If  ono  <':in  rrtnin  it.  ft  matters 
hnt  littlt'  aiiont  tin*  strf»ngtli  of  it.     It  is  luiulv  as  ordinary  tea. 

I  liavo  tiioronglily  tested  it  in  my  own  case  wlien  la  gripiM?  has  been 
making  its  invasion,  ami  as  a  result  1  have  never  yet  had  a  regular  siege 
of  the  disease.  My  own  family  has  tried  it  time  and  again  with  Kplendid 
results.  Some  people  eannot  take  it  at  all  l)e<'ause  of  its  emetic  effect.  I 
have  given  my  neighbors  the  benefit  of  my  exi>erienee.  While  its  resiiltst 
are  alwaj's  &<kk1,  yet  in  some  i)er8ons  the  results  will  not  l>e  as  marked  as 
in  others. 

The  students  of  Moores  Hill  (.'ollege  have  been  very  willing  to  respond 
to  my  desire  to  have  tliem  test  it.  Students  have  come  into  the  class- 
room with  tlie  symi>tonis  strongly  developed,  and  on  being  advised  to  take 
this  remedy  have  actually  taken  it  that  night.  They  would  rei>ort  that 
the  results  were  even  l>etter  than  they  could  have  expected  in  so  short 
a  time.  They  would  not  even  have  to  stop  work.  Scores  of  reports  coald 
be  given,  but  I  do  not  think  it  necessary.  The  best  way  will  be  to  test 
It  for  yourself.  It  can  be  secured  from  your  druggist  if  it  does  not  grow 
in  your  locality.  An  extract  of  boneset  is  made,  but  I  have  had  no  ex- 
perience with  it. 

I  am  pretty  thonmghly  convince<l  that  nearly  every  case  of  la  grippe 

can  be  cured  by  this  reme<ly  if  taken  early  in  the  development  of  the 

disease. 

Moores  Hill  Ck)llege, 
Moores  II ill,  Ind. 
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Refractivk  Index  .\s  a  Measuke  of  Dry  Substance  in 

SACrHARlNE    PrODTC^TS.* 

\\y  A.  Ilr(;ii   Bryan. 

Dry  substaiife  del oriul nations  are  the  most  (llfHcult  determinations  a 
a  chemist  lias  to  make,  and  again  one  of  tlie  m;)St  important.  In  sugar 
materials,  containing  many  organic  sul)staiu'es  and  also  Inorganic  salts, 
various  reacti<»ns  and  changes  are  going  on  when  the  sample  is  heated  in 
the  course  of  making  a  dry  substance  determination.  Varying  degrees  of 
heat  also  tend  to  decomjiose  these  sul)stances.  Also,  the  length  of  time  of 
heating  Is  a  very  imiH»rtant  factor.  Tlie  accepte<l  mett)od  for  sugar  com- 
pounds, where  ac<'urate  results  are  desired,  is  the  h.ss  of  weight  at  70° 
C  when  heate<l  in  vacuum.  It  has  been  found  at  that  tenii)erature  that 
levulose  shows  little,  if  any.  decomiwsitlon.  Sugar  chemists  of  Germany 
modify  that  procwlure  by  drying  at  05°  to  70°  C.  in  the  air  until  all  vis- 
ible water  is  gone,  and  then  heat  for  from  2  to  4  hours  at  105°  C.  In 
vacuum,  it  being  claimed  that  by  first  drying  and  then  heating  to  105°  in 
vacuum,  no  sugar  is  decomposed.  It  is  a  fact,  however,  that  if  one  makes 
two  determinations  of  moisture  (m  tlie  same  sami»le  at  different  times, 
it  is  more  than  likely  that  the  results  will  not  clieck.  Differences  of  as 
high  as  0.5%  have  l>een  noted.  espe<Mally  where  the  sul)stance  under  exand- 
naticn  is  liigh  in  reducing  sugars.  It  can  hardly  !)e  ex[»ecte<l  to  obtain  a 
method  for  determining  nuiisture  accurately  withcmt  a  direct  determination 
<»f  this  by  drying.  Smrh  a  procedure  takes  time,  and  at  its  l>est,  so  far. 
gives  only  approxinmte  results. 

The  refractometcr  was  fii-st  trietl  in  sugar  work  l)y  Strolnner  (Zeit 
R\\\m\  Zuckerind..  Vol.  21.  p.  250)  in  18S4  and  again  in  1SS6  by  Muller 
(Il>id.  Vol.  .^7.  p.  01).  They  sliowing  that  the  Index  dependetl  on  the 
concentration  of  solution.  The  latter  investigator  gave  a  bible  for  esti- 
mating the  dry  substance  of  beet  juices  from  the  refractive  index.  Again 
in  1901,  Stolle  published  a  table  for  the  above.  All  of  these  used  the  old 
forms  of  instruments.  Tolman  and  Smith.*  using  the  beatable  prism  in- 
strument, such  lis  is  used  today,  and  pictured  later  in  this  paper,  found 


•Published  by  permitiHicm  of  the  Secretiiry  of  ARrirultiiro. 
'Jour.  Amer.  Chem.  Soc.  (1906),  28.  147fl. 
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that  for  equal  concentrations,  all  sugars  have  about  the  same  index  of  re- 
fraction. Maiu^  published  tables  of  water  content  from  refractive  index 
in  1907,  and  called  attention  to  the  nccuracj'  of  this  method,  as  compare*! 
Willi  the  true  dry  substance.  Since  that  time  the  literature  has  l»eeu  full 
of  articles  on  this  method  of  determining  the  dry  substance. 

All  authors,  with  but  few  exceptions,  claim  much  for  this  methml  as  n 
(piick  one  and  yielding  comparable  results.  They  all  agree  that  the  re- 
sults so  obtained  are  nearer  the  true  dry  substance  than  by  obtaining  the 
dry  substance  from  the  si>eciflc  gravity.  The  substances  dissolved  aluiij: 
with  the  sugar  seemingly  have  a  closer  refractive  index  to  sugar  than 
specific  gravity. 

Working  on  syrups  of  various  origins,  I  obtained  the  following  aver- 
age figures.-  The  method  for  true  dry  substance  was  loss  of  weight  in 
vacuum  at  70°  C.  The  table  of  Prinsen  Geerligs,  and  also  his  corrections 
for  temperature  were  used.    These  are  given  later  in  this  paper. 

IN   CASE  OF  MAPLE  8YBUP. 

Thirteen  samples  were  examined.  In  only  one  case  was  the  refracto- 
meter  dry  substance  higher  than  the  true,  and  in  all  others  the  true  dry 
substance  was  higher.  This  difference  ranged  from  0.20%  to  1.34%  with 
an  average  of  0.50%. 

WITH  CANE  SYBUP. 

Ten  samples  were  examined.  In  three  cases  the  refractonieter  dry 
substance  was  higher  than  the  true  by  0.16%,  0.34%,  O.G2%.  The  cither 
cases  range  from  0.24%  to  0.93%,  or  an  average  difference  on  the  whole 
of  0.297o. 

HONEYS. 

T\i*enty-four  samples  were  examined.  In  2  cases  the  refractometer 
dry  substance  was  higher  than  the  true  by  0.21%  and  0.91%.  In  all  the 
rest  it  was  lower  by  from  1.15%  to  2.52%,  with  an  average  of  1.455&- 
This  is  the  greatest  difference  noted.  One  of  three  causes  or  all  may  ac- 
count for  this  large  difference.  (1)  The  actual  dry  substance  may  not  be 
right,  viz.,  this  i)roduct  may  not  give  up  all  of  its  water  at  70*  in  Tacoiun. 
or,  (2>  the  dextrin  of  the  honey  may  change  the  refractive  Index  of  the 

MntiT.  Sugar  J.  (1007),  9,  481, 

•Notr.    S«>«»  J..ur.  AiiHT.  Clu'in.  Sw.  rUK)S>,  .W.  144.3.  for  n  provious  paper  on  thwnlvfvt 
by  ttio  author. 
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whole,  or,  (3)  the  values  given  in  the  table  for  dry  substance  from  refract- 
ive index  may  not  be  right. 

COMMERCIAL   GLUCOSE. 

The  two  samples  examined  show  the  refractive  index  dry  substance 
higher  by  0.27%  than  the  real  dry  substance.  The  closeness  of  these  read- 
ings would  tend  to  disprove  the  second  cause  for  honey. 

CANE    MOLASSES. 

Seventeen  samples  wore  examined.  In  3  cases  the  refractometer  dry 
substance  was  higher  than  the  true  by  0.16%,  0.39%,  and  0.59%.  In  all 
the  rest  it  was  lower  by  from  0.38%  to  1.53%.  The  average  difference 
was  0.79%. 

BEET  MOLASSES. 

Fifteen  samples  were  examined.  In  all  cases  the  true  dry  substance 
was  higher  than  the  refractometer.  The  difference  varied  from  0.38% 
to  1.83%,  with  an  average  of  1.08%.  When  the  original  substance  was  di- 
luted one-half  with  water,  and  a  reading  made  on  this,  the  dry  substance 
obtained  was  doubled.  The  results  showed  5  cases  where  the  refractive 
index  dry  substance  was  higher  than  the  true  by  from  0.25%  to  0.53%. 
In  all  other  cases,  the  true  was  the  highest  by  from  0.39%  to  1.62%,  with  an 
average  of  0.36%.  It  is  seen  then  by  dilution,  the  average  difference  be- 
tween the  true  dry  substance  and  refractometer  has  dropped  from  1.08% 
to  0.30%.  The  results  then  are  nearer  the  true  dry  substance.  This 
comes  alK)ut  by  being  able  to  get  a  clearer  field  and  thereby  a  closer  read- 
ing. 

However,  later  work  has  shown  that  this  dilution  with  water,  even 
though  it  has  brought  the  dry  substance  by  refractometer  nearer  the  true 
dry  substance,  introduces  a  serious  error.  When  water  is  added  to 
molasses  there  is  a  contraction  in  volume. 

This  contraction  has  been  taken  into  account  in  the  construction  of 
specific  gravity  and  refractometer  table  for  pure  sugars  so  that  solutions 
of  the  latter,  whether  mixed  with  water  or  a  sugar  syrup,  will  ^ive  tlie 
correct  percentage  of  solids  either  by  si»ecific  gravity  or  refractive  index. 

The  impurities,  however,  which  accompany  sugars  in  solution  in  mo- 
lasses, have  not  only  a  different  specific  gravity  than  sugar,  but  also  a 
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different  orMitractiou  r;r>-f*ffi<'ient.  ho  thiit  tbe  mlation  dilnted  with  water 
Hhow8  a  different  s|>ei?iflc  gravity  or  refrac-tive  index  than  that  c-alculatetl 
from  tables  for  pure  sugarn. 

To  refluce  tliene  variations  ttf  contraction  to  tlie  miniuiuni.  a  irouceu- 
trated  pure  sugar  solution  is  used  iis  a  dilutant.  Results  obtained  with 
M#nie  <iine  ni<»lasses  samples  sliow  tlie  error  tiiat  is  introdhf«<l  l>y  the  water 
dilution  and  alsfi  tlie  effe<'t  of  tin*  sugar  dilution. 


DiLUTEij  H.^LK  With  - 


mtmm^M^    ««<^. 

Water. 

SO   -»7                                    M  24 
7J  :«                                    72.94 
77.92                                    7S  44 
73.92                                    7'»  M 
82  05                                    K4.44 

Sucar  Sol. 

1 

2 

•  •J 

4 

80  91 
72.21 
77.91 
73.81 
82.41 

In  the  uiidilutfNl  form  aii  of  tliese  can  be  easily  read.  Tlie  lialf  dilu- 
tion with  water  is  anywliere  from  M'2%  to  2.7%  higlier  than  undiluted 
while  the  half  dilution  witli  sugar  solution  varies  from  0.0  to  i).:\%. 

Ti8chtH<rhenk(»  (Z.  <U?s  Vereins  Heut.  Zuckerind.,  Feb.  11MK>.  U«).  call« 
attenticm  to  this  iN>ssil)Ie  error  in  the  determination  and  reconuuends  the 
use  of  a  pure  sugar  solution.  Vcm  Lii>pman  i'orroborates  the  results 
(I>eut.  Zuckerind..  :\4.  IIKK).  401).  It  tlierefore  l»eh<M)ve8  us  to  use  sugar 
solution  in  diluting  <mii  dark  c<ili.rcd  .sc»lut!on  in  preference  t<»  water.  The 
f(»nnula  for  calculating  tin*  dry  substanrc  whCMi  using  a  <*onceiitrated 
sugar  solution  as  a  dilutant  is: 

A-  ^ 

in  whl<*h  X  %  dry  subslance  of  the  original  Siimple,  (A)  the  grams  of 
the  original  substance  inixe<l  with  (H)  the  grams  of  concentrated  pure 
sugar  solution.  ((')  tlic  'vf  dry  suljstanct*  of  tiio  mixture  obtained  from  its 
refractive  index,  and  I>-^  llie  %  dry  »*nl>stance  of  tlio  pure  sugar  solution 
obtahHM]  from  its  n»fractive  index.  The  method  of  proct»dure  is  simply 
the  preparation  of  a  concentrated  granulated  sugar  solution  and  mixing  in 
a  snnill  beaker  a  weighed  quantity  of  this  with  a  weighe<l  quantity  of  the 
original  solution  <»r  sample,  and  taking  refractive  index  of  the  mixture. 
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SiiniiiinriziDg  the  averajro  results,  we  find  that  the  refraotoineter  dry 
substaiHe  is  hi.:;hi»i'  than  the  true. 

Per  Cent. 

The  difference  in  ease  of  maple  syrup    0.50 

The  differem-e  in  case  of  cane  syrup 0.29 

The  difference  in  case  of  honeys 1 .45 

The  difference  in  ease  of  glucose   0.27 

The  difference  in  case  of  cane  molasses 0.79 

The  difference  in  case  <>f  l»eet  molasses   1 .08 

The  difference  in  <'ase  of  !»eet  m(»lasses  (half)    0.^(\ 

With  the  (»xce|»tion  (»f  the  luuieys  and  possibly  <-ane  molass^^s,  also 
iKH't  molasses  undiluteil.  tlic  differences  are  well  within  the  error  of  deter- 
mination of  water  i>y  actual  drying.  Ry  half  dilution,  the  l»eet  molasses 
:s  brought  within  the  limits,  and  wiiere  dilution  with  sugar  soluti<m  trieil 
Ibis  difference  would  be  cut  down  i-tmsiderably.  Cane  molasses,  showing 
0.79%,  might  be  considere<l  within  the  limits,  as  a  true  moisture  content 
on  this  material  is  a  dittictdt  task.  Honeys  are,  then,  the  cmly  ones  whose 
difference  is  large,  but  it  is  hoped  that  with  the  work  now  being  carried 
on.  the  reas<m  for  this  difference  will  be  obtaine<l  an<l  a  method  for  pro- 
cedure be  established  for  this  grade  of  substance.  However,  there  is  one 
thing  to  be  sjdd  in  regard  to  the  refractcaueter,  that  it  is  jMmsible  to  ol»- 
tain  duplicate  ref^ults  that  are  identical,  and  different  investigators  should 
obtain  identical  results,  which  is  a  condition  that  does  not  exist  with  the 
<ither  methods  for  dry  substance  detennination  in  use  now.  The  refracto- 
ineter  method  has  the  advantage  of  beii^g  (piick  and  not  lowing  accuracy 
by  speed,  and  then  only  small  portions  are  necessjiry  for  a  determination. 

The  method  of  making  a  dry  substance  deterndnation  is  sul>8tantially 
this:  The  instrument  (Fig.  1)  is  placed  so  that  the  light  falls  on  the  mir- 
ror (R)  and  this  is  turne<l  <m  its  axis  to  reflect  the  light  up  through  the 
lu'isni  (B)  and  (A>.  The  .source  of  light  can  be  dnylight.  but  a  l>etter 
one  is  a  '.V2  cr  higher  candle  iK)wer  lamp.  The  tubular  (D)  is  conne<-ted 
by  rublH»r  tubing  to  the  source  of  water  sui)idy  of  constant  temi)erature 
and  the  other  tubular  tE)  has  a  rubber  overflow  connection.  Tlie  ther- 
mometer is  placed  in  its  socket.  The  o])tical  parts  of  the  instrument  are 
turned  forward  on  the  stand  (a).  Ry  turning  the  catch  (V)  the  prism 
B  is  swimg  <»pen  (mi  (C)  from  i)rism  (A)  and  a  few  drops  of  the  solution 
to  be  examinetl  is  placed  on  the  i»rism  (A).  Enougli  of  the  solution  should 
be  added  so  that  on  closing  the  i>rism  (B)  on  (A)  a  part  of  the  liquid  is 
forced  tmt.    The  optical  parts  are  brought  l>ack  into  their  original  place. 


The  arm  cnrr^liiK  tlic  iiiiiKoi lying  iflass  (I.)  sbould  be  dowD  to  tbt 

l.;{  end  of  the  soiile.  Then  liy  Imikiu);  tlinnigh  the  eyepiece  (S"),  fucusinj 
tie  croas-hiiirs  inio  [iljihi  view,  Hie  iinii  ( J.)  Ih  moved  until  n  briBliI  folot 
i)i|ienr»  in  tlie  lower  half  of  the  flelil.    Ity  luriihig  the  milled  Bcren  (U) 


.(M? 


i>r  the  pomt)en!iiiii)r  tl 
Nlinrimeas  of  lino  <llv 
nrin  farther  this  line 
Interswticm  of  tlic  ft 


Fig.   J. 

li[ie  of  color  is  ni;Kle  inoi-e  distinct;  vit,  there  l» 
in;;  the  iieht  and  tlie  iliirk  Held.  By  inoTtng  <'*' 
I  liroimlit  lip  to  n  irtint  where  it  coincides  witS  tM 
is-hiiirs.     At  this  imint,  the  Index  of  refmctioo  ^ 
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read  on  the  scjile  (J).    At  tlie  siime  time  tlie  temperature  is  reml  on  the 
thermometer. 

The  instrument  should  be  tested  first  with  water  and  its  accuracy  es- 
tablished thereby:  Ref.  Ind.  of  water  at  20°  being  1.3330.  The  substance 
to  be  examined  should  be  at  about  the  same  temperature  at  which  the 
readings  are  to  be  made.  Therefore  waiting  a  few  minutes  after  applying 
the  liquid  to  the  prism,  it  could  be  considered  that  this  is  at  the  same 
temperature. 

Tables  have  been  prepared  for  converting  the  refractometer  read- 
ings to  dry  substance  or  i)er  cent,  of  moisture.  To  some  of  these  pre- 
vious reference  has  been  made.  Hugh  Main,  In  the  International  Sugar 
Journal  of  1907,  Vol.  0.  page  481,  gives  a  table  covering  this.  The  readings 
are  to  be  made  at  20°  C.  Geerligs  has  publisheil  a  table  also  for  dry 
substance  from  the  refractive  index.  The  temperature  of  the  reading  is 
28°  C.  and  he  has  also  prepared  a  table  for  corrections  for  other  tem- 
l^oratures  than  28°.    These  are  now  given : 
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(icvrliy's    Table   for   Dry   Substance    in    Sugar-House    Products    by    Ahhii 

Refrartometer.  at  JS°  C\ 
(Intern.  Sugar  J..  W,  69-70.) 


^i 

It 

Index. 

Cent, 
ubstan 

DcciiiuiU. 

Index. 

.5  5 

Decimals. 

I 

0  0(K)l  =  0.05 

0.(M)10  = 

1 

1 

1 
1 
1   1.4104 

t'X 

46 

l.:«35 

=  0 

75 

0  (XX)5  =  0  25 

0.0016-0.8 

1  3349 

2 

0.0002  =  0.1 

0.0011= 

'0 

8 

1.4124 

47 

0.(XX)6-0.3 

0. 0017^0  H5 

1.3364 

3 

0.0003 «0  2 

0  0012- 

=  0 

8 

1.4145 

48 

0.0007=0  35 

0  0018=0  9 

1.3379 

4 

0.0004  =  0  25 

0  (X)13- 

=  0 

85 

1   4166 

49 

0  0(M)8  =  0.4 

0  0019-0   95 

1.3394 

5 

0.(M)05  =  0  3 

0.0014= 

=  0 

9 

1   4186 

50 

0  0(X)9-0.45 

0  0020-  1    0 

1  34()9 

6 

0  0006  =-0  4 

0  (K)15  = 

-  1 

0 

1 . 4207 

51 

0  (X)10=0.5 

0  0021=  l.O 

I  3  4LM 

7 

0  (MK)7=-0  5 

I    1228 

52 

0  (K)ll-O  .=>5 

I  3439 

« 

0  (KK)8  =  0  6 

1    4249 

.')3 

I   3454 

9 

0  0:)09-0  7 

1   4270 

51 

1   346U 

10 

-- 

I   4292 

't'> 

0  (KM)  I  -0  05 

0  (K)  13  -0  55 

1.3481 

11 

0  0001-0  05 

1    4314 

.-6 

0  (XH)2-0    1 

0  (M)14  =  0  6 

1   3o(K) 

12 

0  0(K)2  =  0   1 

1    1337 

57 

0  0<K)3-0    1 

0  (K)15=-0  65 

1.3516 

13 

0  CKX)3«-0  2 

1   4359 

58 

0  (XXW  =  0    15 

0  0016  =  0.7 

1.3530 

14 

0.(MXV4  =  0  25 

1  4382 

59 

0.0005  =  0  2 

0  ()017  =  0  75 

1   3546 

15 

0  0005  =  0.3 

1    4405 

60 

0.0006*0  25 

0  0018=- 0  8 

1  3562 

16 

1 

0 O006-0  4 

1   4428 

61 

0  0007-0  3 

0.0019-=  0  85 

1.3578 

17 

0.0(K)7  =  0  45 

1 

1   1  4451 

62 

0.0(X)8=0  35 

0.0020-0.9 

1.3594 

18 

0  0008-0  5 

1   1   4474 

63 

0.0009-0  4 

0  0021=0.9 

1.3611 

19 

0.0009  =  0  6 

1   1   4497 

64 

0.0010=0  45 

0  0022=0  95 

1.3627 

20 

0  ()010=0  65 

1   4520 

65 

0.(X)11  =  0  5 

0  (K)23=  1.0 

1.3644 

21 

0  0011  =  0.7 

1   45-13 

66 

0  0012  -0.5 

0  (X)24=  1.0 

1.3661 

22 

0  0012-0  75 

1    4567 

67 

1.3678 

23 

0  0013  =  0  8 

I    45*>1 

ti8 

1 .  3695 

24 

0  (K)14  =  0  85 

1.1615 

69 

1.3712 

25 

0.0015-0.9 

1   46.39 

70 

1 .  3729 

26 

0  0016=0.95 

1   4663 
1 . 4687 

71 
72 

1   37  46 

27 

0  l)fM)l-0  ()5 

0  (H)12- 

0 

l\ 

-  —  -  -   _ 

1   3764 

28 

0  (MK)2-0    I 

0  (H)13- 

0 

6.-. 

1    4711 

73 

0  (MNM=  ()  0 

0  (X)15=0  55 

1.37K2 

29 

0  0003     0    15 

0  (M)ll- 

0 

7 

1    1736 

74 

0  IKX)2     ()  05 

0  (K)16=0.« 

1   3801) 

30 

0  (KK)4-0  2 

0  (M)15- 

0 

75 

1   4761 

7.'> 

0  (HX)3-0    1 

0  0017=0.65 

1   3818 

31 

0  0(K)5-0  25 

0  (K)16- 

■i) 

8 

1    4786 

76 

0  (XXM--0    15 

0  0018-0.65 

1  38:^6 

32 

0  OOOH-0  3 

0  0017  = 

0 

85 

1. 1811 

77 

0  (KX)5--=0  2 

0  0019=0  7 

1   3854 

33 

0  (H)()7--0  35 

0  (K)18  = 

0 

9 

1   4836 

78 

0  (XX)6  =  0.2 

0  0020-0  75 

1    3872 

34 

0  (KM)8  =  04 

0  fX)19-- 

0 

95 

1    4862 

79 

0  (XX)7  =  0  25 

0  (X)21-0  8 

1 . 3890 

35 

0  f)009=0  45 

0  (X)20- 

>  1 

0 

1   4888 

80 

0  (KX)8=0.3 

0  0022-0.8 

1.3909 

36 

0  (X)  10- 0  5 

0  (M)21- 

1 

0 

1   4914 

81 

0  0(H)9  =  0.35 

0.0023  =-0.85 

1 . 3928 

37 

0  (M)ll  -0  .V> 

1    1940 

82 

0  (H)IO-O  .35 

0  (X)24-0.9 

1.3947 

38 

1    1^)66 

83 

0  (X)ll  -0.  1 

0  0025-0.9 

1  39ti«» 

Mi 

1    »«>92 

8J 

J)  (K)12-  0  45 

0  0026=0.95 

1 . 39S 1 

to 

1    5019 

S5 

0  (K)13  ^  0  5 

0  0027-  10 

] .4003 

tl 

1  .'>oin 

86 

0  (K)l  1  -  0  5 

0  (X128=-  1    0 

1   4023 

12 

0  0(M)1  -0  <)5 

0  (N)12 

0 

0 

I   .5073 

87 

1   4013 

13 

0 .  0002  -  0    1 

0  (M)13 

() 

65 

1    5  KM) 

8H 

1    106;i 

41 

0  (MX)3--0    !.-> 

0  (N>n 

0 

.  1 

1   5127 

89 

1 

1 .  1083 

45 

0  (KX)l-0  2 

0  (Ml  15 

0 

75 

1    .*>  1  .'>5 

«K) 

Table  of  Corrtetiana  for  the  Temperatare. 
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0.08 
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0  Ifl 

0  1« 

0  in 

0  15 
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022 

0  2,1 
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OM 
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0.H1 

D.30 
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OM 

om 

040 
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0.45 

0  47 

0  48 

0.45 
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U52 

Oil 
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UM 
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0.52 
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t'xainiili;:  Desired,  the  dry  sul»<tiiiii«  of  ii  siHitiiile  wliiwt  refractive 
Index  Ix  1.4.'>S!I  tuken  at  26°  teiuiieroture  The  iienrcat  index  in  iA5*i'. 
whitli  eiiuuiN  tl7%  tlipii  l.-lfWft  mliiiiH  ].45(i7  (tlit-  UPtireflt  vulue  In  the 
tahle  lower  than  it)  ^0022.  In  tlie  ilet-imul  euiniim  iipponite  limk  Tor 
.0022  and  one  tinds  ti  vniue  'if  0!io.  »<•>  the  rending  is  <>T.05  iiiit  at  a  tem- 
peroture  of  2li°  (from  the  table  ot  eurrectloiis)  .16  must  be  nubtrneted 
or  the  wirrect  dry  substance  would  lie  C7.71).  lu  like  nianuer  the  dry  sub- 
KtODoe  <if  n  Kiimiite  with  a  refractive  index  of  1.5021  at  28°  C.  would  be 
85.05.  nnd  one  of  1..Sfi02  nt  2S°  would  be  30.1,  and  one  at  J.3655  at  33°  C. 
would  bn  22.0K. 

Bureau  of  CbeiulKt  ry. 
pepl.  of  A)crk-ulture, 
Washinslon.  O.  f. 
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Conductivity  of  Certain  Salts  in  Ethyl  Amine. 


By  Edwabd  G.  Mahin. 


The  conductivities  of  silver  nitrate,  litliinm  chloride  and  ammonium 
chloride  in  ethyl  amine  were  measured  by  Shinn,'  who  showe<l  that  the 
molecular  conductivities  change  with  dilution  in  an  unexiiected  manner. 
In  the  case  of  silver  nitrate  the  molecular  conductivity  decreases  with 
dilution  until  V=75.15,  this  being  the  highest  dilution  used.  The  mole- 
cular conductivity  of  lithium  chloride  increases  with  dilution  until 
V=0.8G7,  then  decreases  until  V=21.08,  after  which  it  apparently  slightly 
Increases.  The  molecular  conductivity  of  ammonium  chloride  decreases 
with  dilution  until  V=18.24,  after  which  it  increases.  These  facts  would, 
not  seem  remarkable  were  it  not  for  the  concluding  words  of  the  author's 
paijer.    After  sununarizing  the  results  of  his  experimental  work,  he  says: 

"From  the  8tandiK>int  of  the  theory  of  electrolytic  dissociation  the 
electrical  behavior  of  solutions  in  primary  and  secondary  amines  and 
in  amides,  so  far  as  such  solutions  have  l)een  studied,  is  inexplicable. 
The  facts  that  for  one  and  the  same  solute  the  c.mductivities  of  solutions 
may  not  only  be  very  large  or  very  small,  but  may  inci'ease  or  decrease 
with  dilution,  or  attain  maximum  or  minimum  values  depending  uix)n 
the  si^ecific  nature  of  the  solvent,  suggest  that  the  role  of  the  solvent  in 
the  process  of  the  transmission  of  an  electric  current  through  a  solution 
is,  in  all  probability,  a  very  active  rather  than  an  indifferent  one,  and 
does  not  materially  differ  from  that  of  the  solute.  In  such  event,  the 
prevalent  conception  of  ^molecular  conductivity*  be<omes  not  only  mean- 
ingless, but  misleading.*' 

In  arriving  at  the  conclusions  here  indicated  it  would  seem. that  the 
author  has  overlooketl  certain  facts  which  may  not  only  serve  to  explain 
the  apparent  departure  from  the  dilution  laws,  but  which  would  make 
this  departure  seem  inevitable.  It  has  long  been  known  that  the  aliphatic 
amines  are  strongly  basic  substances,  forming  simple  salts  analogous  to 
the  ammonium  salts,  as  well  as  complex  metallic  salts  which  are  an  i- 
logous  to  those  where  hydrogen  of  the  ammonium  radicle  is  substituted 
by  a  metal.     Indeed,  this  salt  formation  is  to  be  expected  since  the  ali- 


>  J.  Phya.  Ch.,  //,  537. 
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X)liatic  primary  auiiues  nre  members  of  a  series  of  mciiio-substituted  tmi- 
monias,  of  whieb  tbe  basicity  is  greater  than  tliat  of  tlie  mother  substaDcv. 
Kohler'    isolate^l   a   salt    having   Ibe  composition    represented  l)y  tbe 
formula  CsHsNHs.IIgC'l.     Milller='  investigated  double  salts  of  ethyl  amine 
with    palladium,    Jorgensen''    those    with    platinum,    Carson    aud    Nortou' 
those    with    uranium,    Bailey    with    vauadium.    Bouuefoi'    with    lithium 
chloride,   and   Hoffman  and   Marburg'   with   mercuric  chloride,     lu  most 
cases  mtire  than  oue  salt  was  produced   by   varying   the  proportious  of 
ethyl  amine  and  the  simple  salt  use<l.     Hoffman  aud  Marburg  isolated  and 
studied  the  compounds  C,H,XH,,HgCl„  (C,H,XH,),HgCl,  and  C,H,NH.HgCl. 
Bouuefoi  found  that  by  leading  the  vaiM»r  of  ethyl  aiuiue  over  dry  llthluin 
chloride  various  double  salts  were  i>roduced,   the  proportion  of  the  con- 
stituents   depending    upon    the    temperature.      The    following    compounds 
were  formed  under  the  conditi(»ns  indicated  : 

Temp.  Formulu.  Ileal  of  Formation,  Calories. 

70°  C2nANH2  .LiCl                      + 13834 

58°-70°  (C2nANHs)2  .LiCl                     4-  24817 

Ord.  to  58°  (C«H5NHj)3  .Lid                     +  35387 

It  seems  probable,  in  tlie  light  of  these  facts,  that  at  still  lower  teni- 
l>eratures  other  c(>mpounds  will  be  present,  haviug  a  Htill  higher  rati.* 
of  ethyl  amine  to  tbe  original  salt ;  this  shimld  be  particularly  tnie  with 
regard  to  solutions  in  li«iuid,  anhydrous  ethyl  amine.  In  other  words,  we 
are  here  dealing  with  an  ai)pli<'iition  of  the  mass  law.  where  the  tem- 
perature and  mass  «.f  the  reacting  substances  are  to  be  considered  in  tbe 
attempt  tc»  solve  the  problem  regarding  the  composition  of  the  resultiiur 
<-omi>ound.  We  sboul<l  exi»e<-t  that  any  solution  would  contain  sevenil 
compounds  of  tbe  constituents,  having  a  certain  average  eom[K>sitioD  which 
would  depend  upon  the  temperature  :ind  degre^e  of  dilution. 

Shinn"  testo<l.  in  an  approximate  but  not  quantitative  manner,  the  a**- 
tion  of  ethyl  amine  \\]>'n\  n  silts,  c  :nceniin!r  which  the  following  rftiuin^ 
is  here  given : 


»  Ror.,  J?,  232;j. 

2  Ann.,  86,  306. 

'J.  pr.  Ch..   (2)   S3.  517. 

*  Am.  Ch.  .1..   10,  220. 

•J.  Ch.  soc.  .},i.  00:;. 

«C.  r..  J 29,  1257. 

•  Ann..  .?«.:.    101. 

"  Jaw.  rit. 
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XH^n  ....  Very  soluble  with  evohition  of  ammonia. 

Lin Soluble. 

FeCl.3 Slightly  soluble. 

SnClj Insoluble,  unchanged. 

CoClf  ....  Reacts  withevolut  ion  of  heat,  forming  greenish  j-ellow  precipitate. 
PbBrj  ....  Reacts,  forming  white  precipitat-e  which  afterward  redissolves. 

KI Insoluble,  unchanged. 

Cdit Reacts,  forming  white,  insoluble  precipitate. 

AgCN  ...Slightly  soluble. 

Hg(('N)x..  Slightly  soluble. 

AgNOs  .  .  .Soluble  with  evolution  of  mncli  heat. 

NaNOa  .  .  .  Insoluble,  imchanged. 

Pb(N08)2.. Reacts,  forming  white,  insoluble  precipitate. 

It  is  thus  seen  that,  in  all  (nse-^  where  the  salt  dissolves  appreciably, 
there  is  evidence  of  chemical  action,  either  through  the  evolution  of  heat 
or  the  formati(»n  of  a  precij)ltate,  or  Ijoth.  In  the  ease  of  ammonium 
chloride  the  well  known  action  of  evolution  of  ammonia  was  ohservetl. 
There  is,  therefore,  every  reason  for  expecting  that  complex  salts  will  be 
formed  In  every  ease  excepting  the  last,  where  no  doubt  ethyl  amine 
hydrochloride  is  produced,  as  Shinn  has  pointed  out.  If  this  be  true,  the 
question  still  remains  as  to  whether  the  reaction  is  ccmiplete  as  soon  as 
the  salt  is  all  in  solution,  so  that  henceforth  all  physical  properties 
will  be  those  of  a  s:)lutlon  in  ethyl  amine  of  a  definite  double  or  oomi)lex 
salt,  changing  with  dilution  only  with  respect  to  the  degree  of  ionization. 
With  the  Investigations  of  Ilofmann  and  Marburg  and  of  Bonnefoi  in 
mind,  the  answer  to  this  (juestion  would  certainly  he  negative.  We  should 
expect  that  the  ratio  of  ethyl  amine  to  simple  salt  combined  with  It  would 
not  only  change  with  lowering  of  temi>erature,  hut  that  it  would  increase 
with  decreasing  concentration,  because  as  dilution  progresses  the  ratio 
of  amine  to  salt  in  solution  increases.  If  the  conductivity  of  the  complex 
salt  is  much  less  than  that  of  the  simple  salt  the  change  in  m;)lecular 
conductivity  with  change  In  concentration  would  he  the  resultant  of  two 
Influences,  i.  e..  change  in  ionization  and  change  In  complexity  of  the 
Ions.  The  migration  vel(K*ity  of  a  complex  cation  containing  one  or  m  -re 
molecules  of  ethyl  amine  couhl  not  be  very  high,  and  it  is  not  likely  that 
such  a  <K)mpound  would  possess  a  very  high  degree  of  ionization.  This 
fact  would  then  result  in  a  more  or  less  gradual  tendency  toward  falling 
off  in  the  molecular  conductivity  with  increasing  dilution.  sinc»e  we  are 
acTtually  dealing  not  only  with   more  complex  compounds,   whose  ionlza- 

[12-23003] 
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tion  is  probably  less  than  that  of  the  simpler  ones,  but  also  with  more  com- 
plex ions,  whose  vehwlty  Is  prolmbly  less  than  that  of  the  simpler  ones. 
If,  however,  tlie  ionization  resnlting  from  dilution  proceeds  at  :i  ^p^eater 
rate  than  does  the  change  in  complexity,  increase  in  molecular  conductiv- 
ity would  then  be  the  rule.  This  actually  happens  for  a  certain  range  In 
the  case  of  lithium  chloride,  then  later  the  increasing  complexity  of  the 
ions  iierhaps  gains  the  ascendancy  and  molecular  conductivity  decreases 
with  further  dilution.  The  effect  of  dilution  upon  molecular  conductivity 
will  necessarily  be  somewhat  complicated,  if  the  preceding  reasoning  Is 
correct,  involving  at  least  the  following  changes:  (a)  Increase  in  mole- 
cular cijuiplexity,  through  increase  in  the  active  mass  of  ethyl  amine, 
(b)  change  (probably  decrease)  in  ionization  constant  because  of  increas- 
ing complexity,  (c)  iiu'rease  in  ionization  of  any  one  form,  since  at  any 
dilution  a  considerable  number  of  different  complexes  are  probably  pres- 
ent, and  (d)  probable  decrease  in  migration  velocity  on  account  of  in- 
creasing complexity  of  the  ions. 

This  would  seem  to  be  merely  another  special  case  of  the  influence 
of  solvate  formation  upon  conductivity,  and  such  influences  have  long  been 
known.  The  formation  of  hydrates,  for  example,  has  a  very  marked 
effect  upon  tlie  conductivity  and  upon  the  lowering  of  freezing  point  and 
vapor  pressure  of  aqueous  solutions. 

In  the  case  of  solutions  of  ammonium  chloride  in  ethyl  amine  it  is 
by  no  means  certain  that  the  entire  amount  of  salt  is  converted  at  once 
into  ethyl  amine  hydrochloride  when  brought  into  a  solution  of  any  con- 
centration. We  should  certainly  exi^ect  that  equilibrium  will  result  when 
a  certain  amount  of  ammonium  chloride  remains  as  such  in  the  solution, 
this  amount  becoming  smaller  as  dilution  proceeds.  The  molecular  con- 
ductivity will  then  depend  upon  (a)  the  ratio  of  ethyl  amine  hydro- 
chloride to  ammonium  chloride,  (b)  the  relative  ionization  constants  of 
tlie  two  comi>ounds  and  (c)  tlie  relative  migration  velocities  of  the  t\v,i 
(or  more)  cations  involved. 

The  theory  of  electrolytic  dissociation  lias  proven  of  st)  great  value 
to  physical  chemistry  and  has  pilote<l  the  way  to  so  many  valuable  in- 
vestigations that  (me  cannot  fail  to  realize  its  importance.  This  does  not 
mean  that  its  imperfections  slinuld  l>e  ignored  or  that  there  should  be  any 
cessation  in  the  searcli  for  facts  which  will  test  it  to  the  extreme.  But 
so  many  supposed  ol>je(ti<ms  have  boon  wvulhI  against  it  that,  on   <>loser 
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investigation,  liave  been  found  lo  entirely  couftUMn  to  tlie  tlicory  or  to 
require  only  minor  modifications,  that  we  hesitate  to  accept  such  a  sweep- 
ing statement  as  that  contained  in  Shinn's  paper.  The  facts  cited  do  not 
necessarily  conflict  with  the  theory — indeed,  they  would  seem  to  ix)lnt  to 
the  truth  of  the  theory.  What  is  needed  is  more  exijerimental  evidence 
covering  these  points. 

Purdue  University, 
r^fayette.  Ind. 
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rUDY    OF    THE    ChEMICAL    COMPOSITION    OF    BuTTER    FaT, 

lNd  Its  Relation  to  the  Composition  of  Butter. 


By  O.  F.  Hf  nztker  and  George  Spitzer. 


ARY   OF   AITHKNTIC   KNOWLEDGE   OF   THE   COMPOSITION 

OF  BUTTER  FAT. 

Ik  fat  or  butter  fat  (\)nsists  of  triRlyoerides  of  fatty  aoicls.     The 

Kids  of  butter  fat  are  monobasic  and   liave  the  general   foruuda 

1  CO  OH,    except    oleic    acid,    which    is   a    non-saturated     acid    bc- 

to   the   acrylic  series    with    the   general     formula    CnH2n-l     CO  OH. 

iglycerldes  of  butter  fat  do  nnt  exist  as  glycerldes  of  one  fatty  acid, 

a  mixture  of  several  acid  radicals  combined  with  glycerin.     Glyc- 

a  triatomic  alcohol,  CiHJOH),.     Theoretically,  therefore,  the  ndlk 

jld  contain  triglycerides  of  the  fatty  acids  present,  that  is*  there 

>e  trihutj'rin.  triolein,  tristearin,  etc.     In  reality  no  such  combination 

Just   in   what  order  the  triglycerides  are  present   has  not  been 

ely  estal)lishe<l.    The  acids  present  in  butter  fat  are  butyric,  caproie, 

ic.  capric.  Inuric,  myristic,  ]mhnitic.  oleic  and  stearic. 

?ir  holds  that  butter  fat  consists  of  ndxed  glycerldes,  glycerldes  in 

.>lecule  of  which  the  glycerol  is  combined  with  three  dlflferent  acid 

Is  fonning  a  (.'ompound  having  the  fcvllowing  composition  : 

r<JC4HT() 
CsHaJ  OCieHsiO 
LoCinHasC) 

ills  theory  is  supported  by  the  fact  that  the  glycerol  forms  trlacld 
uuda  and  not  compounds  of  one  acid,  which  theoretically  could  be 
le.  If  the  glycerol  f(vrmeil  monoacld  compounds,  butter  fat  would 
n  glyceryl  tributyrates,  cajnoates,  stearates,  etc. 

SOLUBILITY  OF  BI  TTER  FATS  IN  ALCOHOL. 

f  butter  fat  is  dissolved  in  alcohol,  fnun  LI  to  X^  per  cent  of  the 
>es  into  solution,  the  siduitility  depending  on  the  temjierature  of  the 
f>l.     U*  tributyriJi  existed  in  butter  fat.   all   of  the  tributyrin   would 

The  Chemistry  of  FooUs,  Vol.  II,  page  44. 
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^o  iuto  solutioD.'  Anntyses  of  tbe  portion  so]nl»le  in  alcohol  sliow  that 
this  is  not  the  case.  Tables  I  and  11  give  the  value  of  the  constants  as  de- 
termined for  the  1)0 rt ion  soluble  in  cold  alcohol,  the  iK>rtiou  not  soluble 
in  cold  alcohol,  but  soluble  in  hot  alcohol,  and  the  i>ortion  not  soluble  in 
either  hot  or  cold  alcohol. 


Table  I. 


Portion 
Soluble 
in  Alcohol 


Portion  Xot 

Soluble  in 

CoUAlcobol, 

but  8olubk 


I  at  20  dog.  C    in  Alcohol  at 
75  de«.  C. 


•    PbrliMNot 
Soluble  ii 
I  Either Hoirr 
C'OldAlmbl 


Reicbert-Meiral  Number ,      48. 1 

Melting  point I  16. «T. 

Soluble  acids  (as  Butyric) !  9.79% 

I 


Table  II. 


29.6 


31  S'C. 


6  60% 


207 


iB.crc 


4»% 


At  TfTC 


At7ST 


Solubility  of  butter  fat  in  95  %  alcohol 


1.19c 


ir. 


The  melting  point  of  the  portion  soluble  in  alcohol  at  20*  C.  is  1«.9H\ 
while  thai  of  llie  portinn  not  soluble  in  either  hot  or  cold  alcohol  is  36*  C- 
showinj?  a  dlflerenco  of  1I).1°  C.  The  Reiohert-MeissI  No.  in  the  ptirtitm 
soluble  in  alcohol  is  4S.l,  in  the  imrtion  not  soluble  In  alcohol  it  is  2(X7, 
showini:  a  (lifl'<M-(  lu-e  dl"  27.."..  Since  only  1.1  per  cent  of  the  fat  is  solnble 
in  cold  alcohol,  this  wmild  in«Iicale  tiiat  no  tributyrin  exists  in  butter  ftt 
This  fact  iKH^anes  still  more  evident  by  an  examination  of  the  uwlecutar 
weight  of  the  j;lyrerides  soluble  in  alcohol  and  those  not  soluble  in  alcohol 
as  calculated  from  the  figures  in  Table  VII. 


'  Cochran.  'Wction  of  Alcohol  on  Butter  Fats,"  Analyst,  Vol.  13,  pa^  55. 
iAwkowitscli.  -Oils.  Fats  and  Waxos,"  Vol.  TT,  papc  G7.'».  1000. 
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The  saponilication  of  a  neatrsi.  '.ni  yields  a  perfectly  definite  com- 
IKiuiid.  This  sa  poll!  float  ion  takes  place  accordinj;  to  tlie  following  reac- 
tion for  an  ester  with  three  molecules  of  acid  conibiueil  with  the  radical 
of  a  trihydric  alcohol : 

rRi 
C»H J  Rj  +  3KOH  =  CsH«(0H)8  +  K(Ri'+  R2  +  Rs) 

Irs 

The  molecular  weight  of  the  triglyceride  is  calculated  as  f.illows: 
E>etermine  the  per  cent  of  KOH  required  to  saponify  the  fat,  and  divide 
the  molecular  weight  of  3 (KOH)  by  the  per  cent  thus  obtained,  or  mul- 
tiply the  saponification  equivalent  by  three. 

Thus,  from  the  figures  in  Table  VII  the  saponification  equivalent  of 
the  i>ortion  soluble  in  alcohol  was  found  to  be  216.5.  This  multiplied  by 
3  is  049.5.    This  equals  the  molecular  weight  of  the  triglyceride. 

The  saponification  equivalent  of  the  portion  not  soluble  in  alcohol 
was  found  to  be  2(30.0;  this  multiplied  by  3  equals  the  molecular  weight. 
782.7.  The  molecular  weight  of  butyrin  CH.CC^H^O),  is  302,  while  the 
molecular  weight  of  the  triglycerides  of  the  soft  portion  is  049.5. 

The  fact  that  only  1  per  cent  of  the  butter  fat  was  dissolved  in  cold 
alcohol  shows  clearly  the  absence  of  trlbutyrin,  otherwise  the  per  cent 
of  alcohol-soluble  fat  would  be  higher.  The  soft  portion  must,  therefore, 
lie  made  up  of  mixed  glycerides  of  the  acids  found  in  butter  fat,  the  acids 
having  a  low  melting  point  and  a  low  molecular  weight  predominating. 

FRACTIONAL    SEPARATION    OR    CRYSTALLIZATION    OF    BUTTER 

FATS. 

The  same  condition  presents  itself  if  butter  fat  is  subjected  to  frac- 
tional separation.  When  Imtter  fat  is  exposed  to  a  temperature  below  the 
melting  point  of  the  harder  glycerides,  the  softer  glycerides  separate  from 
the  harder  glycerides.  When  this  process  is  repeated  by  lowering  the 
temperature  after  each  separation,  a  separation  can  be  effected  whereby 
the  constants  differ  widely  from  the  original  mixed  glycerides.^  Table  III 
shows  the  variation  of  the  constants  of  the  fats  thus  separated.  The  but- 
ter used  In  this  experiment  was  made  In  March. 


'  Richmond  Dairy  CJn'inislry.   paK'"  '^7. 
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Table  III. 

foinitoMitiuii  of  PortiotiH  of  the  Butter  Fat  Obtained  by  Fractional 

Srpa  ration. 


Ueichert-MeiHril  .\uiiib<»r. 


Iodine  number . 


Kcetts.  saponification  number 


Refractive  index  at  40°  C 


Melting  point. 


Per  rent  inmluble  acids . 


Melting  point  of  innoluble  acids 


Per  cent  soluble  acidit  (as  but>Tic) 


Koett«.  Haponification  number  iasoluble  acids 
iodine  number  insoluble  acids 


Original 
Butter  Fat. 


Soft  Portion. 


29  06 
34  97 
229  5 


32  65 

42.10 

233.87 


"I 


Reading  44  1 1    Reading  45.1 
1  4552  '  1.456 


88.76 

40*C. 

»  89 

219  5 

37  36 


14  5°C. 
87.89 
36  5^C. 
6.67 
221  35 
45  05 


Hard  Pbrtioa. 


26  74 

30.11 

228  8 

Rauiiiic43.1 
1  45« 

37.2C. 

80.47 

42.5*'C. 

5.46 

218.8 

33.48 


Later  in  the  sensoii  (in  May)  anotlier  sample  of  butter  was  treated 
similarly,  separatiiii;  the  Ihjuid  Inim  the  «oIi(l  imrtions  of  the  fat,  and  the 
constants  were  determlntHl  as  shown  In  Table  IV. 
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Tablk  IV. 

('oitiittjultwii  of  I'ortitmM  of  the.  Better  Fat  Ohtaiued  by  Fractional 

Separation. 


»;»"'       :  Soft  Portion. 
tiutt«-  Fat.    i 

1 

Hard  Portion. 

Reichert-Meiml  number .    . 

30  00 

33  85 

24.66 

Iodine  number 

39  82 

43  55 

33  08 

KoetU.  npooification  number 

230.1 

232  78 

226  4 

Refractive  index  at  40^  C 

[Reading  44 
\          1.4552 

Reading  44  8 
1  4558 

Reading  43 
1  4545 

Melting  point 32. 5T. 

1 

13.2*C. 

38.1°C. 

Per  cent  iiuoluble  acids 

87.54 

86  67 

88.64 

Melting  point  irumluble  acids 

39. 2T. 

35  3T. 

42.4°C. 

Per  cent  soluble  acida  (aa  Butyrir) 

6.09 

6  90 

5.17 

Koetts.  saponification  number  insoluble  arid:* 

220  53 

221  6 

2187 

Iodine  number  inmluble  acidii 

42  14 

46  2 

35.66 

Per  cent  glycerin 

12.58 

12.89 

12  33 

Tables  III  and  IV  show  tlint  tiu*  soft  portions  contain  more  volatile 
or  soluljle  acids,  also  a  firieater  per  cent  of  oleic  acid  in  combination  witli 
the  glycerol  base  tlian  the  hard  portions.  The  melting  point  of  the  soft 
l>ortions  was  22.8°  C.  and  24.9'*  C.,  respectively,  lower  than  the  melting 
point  of  the  hard  portions. 

The  difference  in  the  melting  points  between  the  soft  and  hard  portions 
of  the  Insoluble  fatty  acids  was  not  as  great  as  that  of  the  soft  and  hard 
|)ortlou  of  the  glycerides  from  which  tlie  insoluble  acids  were  derived. 
"The  reason  for  this  must  He  in  the  fact  that  the  soluble  fatty  acids  have 
1>een  remove<l  and  that,  therefore,  the  melting  points  of  the  different  por- 
tions of  the  insoluble  fatty  acids  depend  almost  entirely  on  the  i^er  cent 
^)f  oleic  acid  present. 

The  soft  portion  of  the  glycerides  is  made  up  of  a  higher  per  cent 
of  acids  with  a  lower  melting  point,  i.  e..  oleic  and  soluble  acids.     The 


-*5i.«#t    1  •->!-  ••^'  ■•u'    f  *.---ir.«j^  brtifi*  3i'Ts«r  faw*  ±  i* 

'.".ci  ••>r  r.?  *— .'i***     Ti 

•.-y^-  ..*.?••■.■.  .--^    i  >C:»   >    •   r'-»^   *i.:-   'JiA'. 


^  the  Bdc- 


.»r  the 


1  •*''t»-  '  ^-"  "•^*  •  f  'It*  <»-<f^ 


fwrtioiis  <tf 
portkifis  d 


l««-  cent.  «f 
in  the  slyv- 


T.iLlt  V-A. 


•*/: 

H*r: 

■vy: 

. 

J-  . 

h'jrrA 

f'jr.jvt 

Form 

?Tr:#:« 

lodEw 

Ynttm 

S.atr«r 

N'saber 

(Jkm. 

PercaMGw 
OleiBafSM 
PovtioaOTCr 


f  ?v/.  ♦i'/i^  in 


f  r'#rf,  Uffk  I '• 


42  14 


I.?  .V> 


30  II 


ntn 


4-  <1 


34  92 


11 


%  51*         >  37 


10  4; 


UTS 


» 


13  148 


31.6 


r.M:Li:  V   15. 
/oflhir  \o.  of  Iii-fol'iffff    \t;i(tff  nj  Soft  ami  Hard  PortiouM, 


.•v,ft 

Harrl 

Soft 

Hard 

I'litUtu 

i'lirtiuii 

l'i>rtion 

Portion 

l'rlin«- 

IixliiH-     • 

IW  wnt 

IW  rrnt 

ViiMili^r 

1   N'uiiilffr 

OlHn       • 

Okiii 

U 

t|f.  hi. 

1  ii'iii  liM'  III 

r.  »'. 

;u  4s 

:.2  2'. 

1 

:is  .h4 

1  liiiii  liihli-  IV 

4ii  2 

r.  m 

r>:i  59  1 

41  m 

Gain  Gain 

Iodine    j   Per  cent 
Number.   1     Oktn. 


Pn-mrt  Gain 

OlaDordoft 

PortMM  Ow 

Haid]\)r. 

tioa. 


II  r>7 
10  rA 


13  41 
12  23 


.14  5 
29.5 
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CONCERNING  THE  SOLUBLE  FATTY  ACIDS. 

Table  VI  shows  the  per  cent  of  soluble  fatty  acids  and  glycerin  in 
the  soft  and  hard  portions  of  butter  fat.  The  soft  portion  contained  2.(M» 
per  cent  more  soluble  acids  and  .56  per  cent  more  glycerin  than  the 
hard  portion,  as  obtained  from  data  in  Table  IV. 

Table  VI. 
Per  Cent  of  Soluble  Acids  and  (Hyccrin  in  Soft  and  Ilard  Portions. 


Soft  Portion. 


Per  cent  soluble  ackb . 


8.23 


Hard  Portion. 


Gain. 


6  17 


2.06 


Per  cent  Glycerol. 


12.89 


12  33 


.56 


The  soluble  acids  were  calculated  on  the  basis  of  a  mean  molecular 
weight  of  104.5.  This  molecular  weight  was  calculated  from  the  amount 
of  glycerides  of  the  soluble  acids  and  other  data  taken  from  Table  IV. 

The  glycerol  (C,H.)  Is  calculated  from  the  per  cent  of  soluble  acids, 
mean  molecular  weight  104.5.  From  this  calculation  the  per  cent  of  glyc- 
erin CjHs  (OH),  is  readily  determined. 

ITie  general  formula  for  one  molecule  of  a  triglyceride  is  CsHbCR),. 

where  R  stands  for  mixed  acid  radicals  R!,^104.5X3=313.5;    allowing  for 

the  basic  hydrogen  C,H...=:58,  then  the  molecular  weight  of  the  triglyceride 

CUJR),  is  351.5. 

351.5  :  38  =  8.23  :X 

X=.888%  0,H2 
From  these  results  the  per  cent  of  glycerin  is  calculated  as  follows,  the 

molecular  weight  of  glycerin  being  92 : 

38  :  92=  .888  :  X 

X  =  2.14 
This  Is  the  per  cent  of  glycerin  combined  with  the  soluble  acids  of  the 
soft  portion. 

Likewise,  the  per  cent  of  the  glycerin  combined  with  the  soluble  acids 
of  the  hard  i»ortion  is  calculated : 

.'^51.5  :  38  ---  C.17  :  X 
X  =  .888%  CH, 
38  :92  =  .r.66  :X 
X  =  1.61 


This  is  the  i)er  cent  of  glycerin  comliiuetl  with  tlie  soluble  acids  of  the 
Imrd  iwrtion. 

Tlie  (liflFerence  lietwtHMi  tlie  per  cent  of  j;l.v<'«Tin  combiuod  with  the 
l»er  cent  of  soluble  acl<ls  of  tlie  s(»ft  ]Mirtiou  and  tlie  per  ceut  of  jflycerin 
ronibined  with  tlie  ihm*  ciMit  solnl>l»»  :ici<ls  of  rhe  hunl  portion,  then,  is 
2.14 — 1A\1--.^1\%.  This  ajjcrees  closely  wilh  the  difference  of  the  i;)y<:(srin 
between  hard  and  soft  i)ortions  as  sh(»wn  by  analyses.     (See  Table  VI.) 

The  i)er  cent  of  j^lycerin  combined  with  the  insoluble  acids  Is  nearly 
the  same  in  both  snft  and  hard  portions,  because  the  i>er  cent  of  In- 
soluble acids  in  the  soft  and  hard  iM)rtions  differs  very  little.  Also  the 
varhitlon  in  the  c<miiN)sition  of  the  insoluble  acids  would  not  materially 
affect  the  mole<ular  weight.  Thcref<»re,  it  is  reasonable  to  expect  that 
nearly  the  same  per  cent  of  glycerin  is  comlMueil  with  the  insoluble  acldt* 
of  both  tlie  soft  and  the  hard  portions. 
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UElJiTION  OP  COMPOSITION  OF  BUTTER  FAT  SOLUBLE  AND  IN 
SOLUBLE   IN   AIX^OIIOL  TO  COMPOSITION   OF   SOFT   AND 
HARD  PORTIONS  OF  FAT  OBTAINED  BY   FRAC- 
TIONAL SEPARATION. 

A  comparison  of  the  coustants  of  the  soft  and  hard  i)ortlon8  whli  tho 
inmstants  of  the  fats  soluble  and  insoluble  In  alcohol  shows  a  close  relation. 
The  results  are  summarized  in  Table  VII. 


Table  VII. 

Showing  the  Variation  of  the  Constants  of  the  Soluble  and  Insoluble  For 

tions  in  Alcohol ^  Also  of  the  Soft  and  Hard  Portions  of  But- 

t(r  Fat  Taken  for  the  Experiment. 


A 

1 

B 

V 

Alcohol — 
Soluble 
Portion. 

Alcohol — 
Inmluble 
Portion. 

«T*^          Soft 
Butter        _,  _,. 

„  ^           Portion. 

Fat. 

Hard 
Portion. 

Original 

Butter 

Rit. 

Reiefaert-Meissl  number 

48.1 

20.7 

27.70 

33.85 

24  flfl 

30.00 

Keltimt  point .    

16.«°C. 

36. °C. 

33.5°C.        13. 2T. 

38.1^ 

32.5'*C. 

Iodine  number  

34.07 

39.75 

37.63      1    43.55 

33.08 

39  82 

Koetta.  saponification  number 

250  14 

215.06 

227.4 

232.78 

228.4 

230.1 

Saponification  equivalent 

216.5 

260  9 

246.79 

241  1 

248.3 

244.0 

1 

Refractive  index  at  40*  C -j 

Reading 
42  7 
1.4543 

Reading 
45.6 
1.4563 

Reading 
44.4 

Reading 
44  8 

Reading 
43 
1.4545 

Reading 
44 

^ 

1.4555  1      1.4558 

1.4552 

Per  cent  Boluble  acids  (as  Butyric) 

9.792 

4.26 

6  60 

6  90 

5.17 

609 

Then  data  give  the  composition  of  the  portions  of  fat  soluble  in  alcohol  and  of  the  original  butter  fat;  also  th® 
eompontion  of  the  soft  and  hard  portions  of  butter  fat  separated  by  fractional  crystallintion  and  of  the  original 
batter  hi.  The  samples  A  and  B  of  butter  fat  ujied  for  the  two  experiments  were  not  taken  from  the  same  lot 
of  butter. 

The  Rei chert-Mel ssl  No.  is  distinctly  higher  in  the  fat  soluble  in 
alcohol  and  in  tlie  fat  of  the  soft  portion,  than  It  is  in  the  fat  insoluble 
in  alcohol  and  In  the  fat  of  the  hard  i>ortion,  as  well  as  in  the  original  fat. 

The  melting  point  is  lowest  In  both  the  fat  soluble  in  alcohol  and  In 
the  fat  of  the  soft  i>ortion. 
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On  the  other  hand,  the  iodine  number  is  lowest  in  the  fat  soluble  in 
alcoliol  and  hlgliest  in  tlie  fat  of  the  soft  portion. 

Tlie  figures  in  tlie  above  table  show  the  influence  of  the  constants  ou 
the  melting  point  of  butter  fat.  The  portion  of  fat  insoluble  in  alcohol 
and  the  original  fat  from  which  the  above  portion  was  taken  show  a  de- 
cidedly higher  iodine  numlier  than  the  portion  soluble  in  alcohol.  If  the 
melting  point  depended  solely  on  the  iodine  number,  the  melting  point  of 
the  fat  insoluble  in  alcohol  and  of  the  original  butter  fat  would  be  dis- 
tinctly lower  than  the  melting  point  of  the  portion  soluble  in  alcohol. 
Table  VII  shows  that  this  Is  not  the  case.  The  melting  iwint  of  tlie  p<»r- 
tion  insoluble  in  alcohol  and  of  the  original  butter  fat  Is  a  great  deal 
higher  (19.1°  C.  and  10.6°  C,  respectively,  higher)  than  the  melting  i>oint  of 
the  fat  soluble  in  alcohol.  The  only  factor  to  which  this  fact  can  be  attrib- 
uted is  the  high  Reichert-Meissl  No.  in  the  case  of  the  fat  soluble  in 
alcohol,  as  compared  with  the  low  Reichert-Meissl  No.  of  the  fat  insoluble 
in  alcohol  and  of  the  original  butter  fat.  These  results  make  it  perfectly 
clear  that  the  softness  or  hardness  (melting  point)  of  butter  fat  is  de- 
pendent to  a  great  degree  on  the  per  cent  of  soluble  fatty  acids  present. 

This  table  further  shows,  as  stated  in  the  previous  chapters,  that 
butter  fat  is  a  mixture  of  triglycerides  of  different  fatty  acids.  The  soft 
portion  is  the  result  of  mechanical  separation  at  different  temperatures 
It,  therefore,  contains  more  glycerldes  combined  with  acids  of  low  melting 
points  including  oleic  and  soluble  acids.  Furthermore,  the  fat  soluble  In 
alcohol  represrnts  gljcerides  of  acids  soluble  In  alcohol.  Since  it  is  kn.iwu 
that  some  of  the  glycerldes  of  the  soluble  acids  are  soluble  in  alcohol 
we  can  assume  that  some  of  the  molecules  in  butter  fat  are  made  up  of  the 
glycerldes  containing  a  larger  proportion  of  the  soluble  acids  than  others. 

C'ONDITIONS  AFFECTING  THE  COMPOSITION  OF  BUTTER  FAT. 

The  com|K)sltion  of  butter  fat  varies  with  the  season  of  the  year.  A 
series  of  analyses  of  butter  fat  of  butter  made  during  each  of  the  twelve 
months  of  the  year,  yiekliHl  the  results  summarized  in  Table  VIII. 

The  results  in  Table  VIII  show  that  the  Reichert-Meissl  number  was 
lowest  in  0(tol)er,  increasing  steadily  until  it  reached  Its  maximum  In 
Marcli.  After  Man-h  it  dropped  abruptly,  liolding  about  Its  own  till  July. 
then  taking  a  se<ond  drop  and  dtH»lining  slightly  toward  October. 
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Tabue  Vlll. 


Effect  of  tlie  Season  of  Year  on  the  Composition  of  Butter  Fat. 


Retchert 

Mewl 

Number. 

1 

Iodine 
Number. 

Melting 
Point. 

January 

30  03 

31  20 

33.4*  C. 

FelMiiaiy 

30.58 

31  97 

33.6»  C. 

Marfh 

31.30 

31.94 

33  5*C. 

April 

29.35 

35.83 

33  3"  C 

May   

29.55 

36.48 

32  5*  C 

June 

29.56 

38.23 

32  45*  C. 

July 

28  90 

37.10 

31  9*  C 

Augurt. ,                                                                

27.13 

OO.  Wr 

32  rc. 

Scptnnber , 

27.19 

35.36 

33.0*C. 

October 

26.54 

34.27 

33  2"  C. 

November 

28.36 

30.65 

33. 4*  C. 

29.62 

30  30 

33  e'c 

The  Iodine  number  was  lowest  In  December,  increasing  slightly  toward 
and  including  March ;  rising  abruptly  in  April  and  continuing  to  rise  up  to 
nnd  including  June,  then  gradually  declining  toward  Octoiier  and  dropping 
suddenly  in  November,  followed  by  a  slight  drop  in  December. 

The  melting  point  followed,  In  general,  the  Iodine  number  reversedly. 
It  was  lowest  in  mid-summer  when  the  Iodine  number  was  highest,  and  it 
reached  its  maximum  in  December,  when  the  Iodine  numl)er  was  lowest 
The  variations  of  the  melting  point,  however,  were  not  so  abrupt  as  those  of 
the  Iodine  number.  A  careful  study  of  Table  VIII  suggests  that,  at  times, 
the  variations  in  the  melting  point  niny  have  been  influenced  strongly  by 
the  Reichert-MoissI  nunil>cr. 

Experimental  data  prc>duced  in  tliis  country  and  nln'ond  sliow  unmis- 
takably timt  the  feed  which  the  cows  receive  influences  the  per  cent  of 
olein  in  butter.     Such  feeds  as  cottonseed  meal,  bran,  corn,  overripe  dry 
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fodders,  etc..  when  fe<l  in  exc-esH,  tend  to  deorease  the  \}er  ceut  of  olein. 
while  linseed  meal,  gluten  feeds,  succulent  pasture  grasses,  etc..  are  con- 
ducive of  raising  the  per  cent  of  oleln. 

The  volatile  fatty  acids  do  not  seem  to  be  appreciably  affected  by 
the  feed  the  cows  receive.  They  are  influenced,  however,  by  the  iierlod 
of  lactation  as  sliown  in  Tables  IX  and  X.^ 


Tabu:  IX 
Shtnriftff  the  Effect  of  the  Period  of 

• 

Laetation  on  the  Milh 

•  FntH. 

Time. 

Roichert- 

Meiwl 
Number. 

Soluble 
Acida. 

loiolable 
Acids 

1st  month ...          

32  41 

7.38 

87  26 

2d  month 

29.48 

7.07 

87  99 

3d  month 

29.95 

708 

87  90 

4th  month 

29.97 

7.11 

87.72 

5tb  month 

29.56 

7.00 

87.72 

6th  month 

29.21 

6.82 

88  19 

7th  month 

28  06 

6.45 

88.4 

8th  month 

25  32 

5.84 

886 

9th  month 

25  45 

601 

88.5 

10th  month..                 

27.45 

6.26 

88  1 

'  IIuDzikor.  Proceedings  of  the  Indiana  Academy  of  S?ionce.  1008.  pa^e  144. 
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Table  X. 
Shoicing  Effect  of  the  Period  of  Lactation  on  the  Milk  Fats. 


Time. 

Reichert- 

Meinl 
Number. 

Sohible 

Arkb 

Per  Cent. 

Infoluble 

Acida. 
Per  Cent 

1st  month 

36.68 

8.20 

86.76 

2d  month   

35.75 

809 

86.74 

3d  month  . . 

33  19 

759 

86.99 

4th  month 

33  80 

7.56 

86.95 

5th  month 

33.63 

7  47 

87.10 

6th  month.. .  . 

33  57 

7  55 

86.94 

7th  month 

32.72 

7  49 

86.99 

8lh  month 

31.63 

7.25 

87  41 

9th  month 

31  93 

7.10 

• 

87.50 

10th  month 

32  03 

7  12 

87.46 

11th  month 

26  64 

6  50 

88.20 

12ta  month 

30.48 

8.86 

87.69 

Th«  date  in  Tables  IX  and  X  represent  results  of  experiments  with  three  cows  whose  period  of  lactation  com- 
menoed  in  October  and  November  respectively.  They  were  fed  on  a  uniform  ration  throughout  the  entire  period 
of  bctation  with  the  exception  that  in  July  (the  9th  month  after  calving)  they  were  turned  out  on  pasture. 

The  above  tables  clearly  show  that  the  soluble  fatty  acids  are  highest 
immediately  after  parturition,  or  at  the  beginning  of  the  period  of  lacta- 
tion. Slight  irregularities  excepted,  they  decreased  as  the  period  of  lac- 
tation advanced  and  were  lowest  toward  the  close  of  the  period  of  lacta- 
tion. 

It  so  happens  that  In  most  localities  the  majority  of  the  cows  drop 
their  calves  In  late  spring,  at  a  time  when  they  also  change  from  dry 
feed  to  succulent  pasture.  This  explains  why  in  early  summer  both  the 
per  cent  of  volatile  fatty  acids  and  the  per  cent  of  oleic  acids  increase 
and  the  melting  point  decreases. 


[  13-28003] 
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Table  III. 

i'umimsitlun  of  Portions  of  thr  Butter  Fat  Obtained  by  Fractional 

Sf'iHiration. 


lleirhert-Moi.<b>l  Number. 


Iodine  number 

Kcett».  mponification  number 

IUfractiveiDdexat40^C 

Melting  point 

Per  rent  inMlubIc  acids 


Melting  point  of  iiwoluble  acidfi 

Per  cent  soluble  acidii  (a8  butyric)  ... 
KoettM.  itaponification  number  ia'«olubJp  acid.s 
Iodine  number  insoluble  acid:* 


OriKinal  i 

Butter  Fat.        i^ft  Portbn.    '  Hard  Portioa. 


29  OG 


32  «5 


26  74 


34  97 

1 

42.10 

30.11 

229  5          , 

233  87 

228  8 

Reading  44  ll 

Reading  45.1 

R«di]ig43.1 

1  4652 

1  456 

1  4546 

:Ji'-'  V. 

14  5*C 

37  £C. 

88.76       1 

87.80 

89.47 

40T.       1 

36  5°C. 

42.5'^r. 

5.89 

r 

6.67      ' 

5  46 

219  5 

1 

221  35 

218  8 

37  36 

45  a5 

33.48 

Later  in  the  so:l^MlIl  (in  May)  another  sample  of  butter  was  treated 
shnilarly,  separating:  the  Ihiuid  Innn  the  ^olid  iM^rtions  of  the  fat,  and  the 
constants  were  determined  as  shown  In  Table  IV. 
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moisture  content  of  butter  made  in  early  summer  is  due  to  the  increase  in 
the  soft  fats  it  contains. 

The  moisture-retaining  property  of  the  fats  is  largely  dei)endent  on 
tlieir  melting  imint.  The  h)wer  the  melting  point,  the  greater  is  their 
power  to  mix  with  and  retain  water.  Since  the  giycerides  of  the  oleic 
and  soluble  fatty  acids  have  a  low  melting  point,  it  is  reasonable  that 
any  increase  in  the  per  cent  of  these  giycerides  tends  to  increase  the 
water-retaining  properties  of  the  butter. 

Dairy  Department, 

Purdue  Ex[)orime7it  Station. 
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On  a  New  Complex  Copper  Cyanogen  Compound. 


BV    A.    R.    MiDDI.ETON. 


( Preliminary  Note. ) 

When  a  cold  concentrated  solution  of  KCN  is  added  to  a  cold  con- 
centrated solution  of  euprlc  chloride  or  sulphate,  but  not  nitrate,  greenish 
brown  cupric  cyanide  is  precipitated;  the  precipitate  dissolves  on  fur- 
ther addition  of  KCN  with  formation  of  a  claret  red  to  violet  red  com- 
pound, much  resembling  potassium  permanganate  solution.  Further  addi- 
tion of  KCN  destroys  the  color,  with  precipitation  of  white  cuprous  cyan- 
ide (presumably),  which  then  dissolves  in  excess  of  KCN.  First  addition 
of  concentrated  cupric  salt  solution,  or  the  solid  salt,  to  concentrated 
KCN  solution  produces  a  brilliant  violet  color,  instantly  destroyed  by  fur- 
ther addition  and  quickly  disappearing  on  standing.  Further  additions 
of  copper  salt  give  the  red  compound,  provided  the  solution  is  kept  nearly 
at  0** ;  otherwise  cyanogen  is  evolved  and  the  red  compound  is  not  formed. 
If  the  solutions  are  too  concentrated  or  too  dilute,  the  red  compound  is 
not  formed.  Solutions  about  one-half  saturated  appear  to  give  the  com- 
pound most  readily  and  in  largest  amount. 

Search  through  the  available  literature  has  revealed  no  reference  to 
such  a  compound.  It  is  quite  unstable,  decomposing  to  a  brown  solution 
on  standing  in  a  warm  room  over  night;  is  instantly  decomposed  by 
strong  and  weak  acids  and  bases  and  by  pyridine ;  soluble  in  alcohol,  but 
insoluble  In  chloroform,  etiier,  l>enzene.  toluene  and  carbon  tetrachloride. 
Attempts  to  crystallize  out  the  compound  are  in  progress,  and  at  the  time 
of  writing  appear  promising.  The  method  pursued  is  as  follows:  Solid 
CuCla.2H,0  was  added  in  small  amounts  to  KCN  solution  about  one-half 
saturated,  witli  constant  shaking  in  ice  water.  After  the  red  color  reached 
a  maximum,  the  solution  was  filtered,  three  volumes  of  95%  alcohol  added 
and  placed  in  the  icebox  in  an  exhausted  desiccator.  After  24  hours  white 
opalescent  scales  separated,  which,  after  washing  with  alcohol  and  ether 
and  drying,  present  a  metallic  appearance  somewhat  resembling  tinfoil. 
These  contain  copper  and  may  be  cuprous  cyanide.  The  solution  retained 
its  red  color  unchanged  and  It  is  hoped  that  the  compound  can  be  crystal- 
lized out  in  form  suitable  for  analysis. 

Purdue  University, 
I^afayette,  Ind. 
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This  is  the  i)er  cent  of  glycerin  combined  with  the  8oliil)le  aclils  of  the 
linrtl  i»ortion. 

Tlie  (liflFereuct?  lK>t.wiH.Mi  tlic  i>er  <'iMit  of  j;l.v<'«»rin  conil)iue(l  with  tlie 
per  (.t»nt  of  soluble  acids  of  tlic  soft  portion  and  tlie  jier  cent  of  jrlyc«»rln 
rombined  witli  the  per  cent  soluble  arids  of  fhe  hanl  portion.  tUen.  is 
'2A4 — 1.01=.5H%.  This  ajjjrees  closely  with  the  difference  of  the  glyc*erin 
between  hard  and  soft  iM)rti<»ns  as  shown  by  analyses.     (See  Table  VI.) 

The  per  cent  of  jjlycerin  combined  with  the  insoluble  acids  is  nearly 
the  same  in  both  soft  and  hard  portions,  because  the  per  cent  of  in- 
soluble acids  in  the  soft  and  hanl  iM)rtions  differs  very  little.  Also  th€* 
variation  in  the  comiH)sltion  of  tiie  Insoluble  acids  would  not  materially 
affect  the  molecular  weight.  Therefore,  it  is  reasonable  to  exi>ect  that 
nearly  the  same  per  cent  of  j;lycerin  is  combined  with  the  insoluble  ncids 
of  both  the  s(»ft  and  the  hard  portions. 
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RKIATION  OF  COMPOSITION  OF  BUTTER  FAT  SOLUBLE  AND  IN 
SOLUBLE   IN   ALCOHOL   TO  COMPOSITION   OF   SOFT   AND 
HARD  PORTIONS  OF  FAT  OBTAINED   BY   FRAC- 
TIONAL SEPARATION. 

A  eompariHon  of  the  i'oustaiitR  of  the  soft  aii'I  Iiard  i)ortion8  witli  the 
constants  of  the  fats  s<:)luble  and  insoluble  In  alet>hoI  shows  a  close  relathm. 
The  results  are  summarized  in  Table  VII. 


Table  VII. 

Showing  the  Variation  of  the  Constants  of  the  Soluble  and  Insoluble  For 
lions  in  Alcohol,  Also  of  the  Soft  and  Hard  Portions  of  But- 
ter Fat  Taken  for  the  Experiment. 


1 
A                                                        B 

•  . 

Alcohol — 
Soluble 
Portion. 

Alcohol — 
Insoluble 
Portion. 

Butter        _,  _^. 
_  ,           Portion. 
Fat. 

Hard 
Portion. 

Original 

Butter 

Fat. 

Reichert>Meis8l  number 

48.1 

20.7 

27.70  1        33.85 

24  fifl 

30.00 

1                  1 

Melting  point 

16.9^0. 

36  "C. 

33  5<»C.         13  2°C. 

38.1°C. 

32.5*»C. 

1 

Iodine  number   

34.07 

39.75           37  63           43  55 

33.08 

39  82 

1 

Koetts.  saponification  number 

259  14 

215.06 

227.4 

232  78 

228.4 

230.1 

Saponification  equivalent     

216.5 

2609 

246.79 

241.1 

248.3          244  0 

f 
Refractive  index  at  40*  C -j 

Reading 
42  7 
1  4543 

Reading 
45.6 
1.4563 

Reading 
44.4 
1  4555 

Reading 
44.8 
1  4558 

Reading 
43 
1.4545 

Reading 
44 
1.4552 

Per  cent  doluble  acids  (as  Butyric) 

9.792 

4.26 

6  60 

690 

5.17 

609 

These  data  give  the  composition  of  the  portions  of  fat  soluble  in  alcohol  and  of  the  original  butter  fat;  also  th^ 
comp<H>ition  of  the  soft  and  hard  portions  of  butter  fat  separated  by  fractional  crystalliiation  and  of  the  original 
butter  fat.  The  flampIcA  A  and  B  of  butter  fat  used  for  the  two  ezperiment<)  were  not  taken  from  the  same  lot 
of  butter. 

The  Reichert-Melssl  No.  is  distinctly  higher  in  the  fat  soluble  in 
alcohol  and  In  the  fat  of  the  soft  i)ortion,  than  It  is  in  the  fat  insoluble 
in  alcohol  and  in  the  fat  of  the  hard  i>ortion,  as  well  as  In  the  original  fat. 

The  melting  point  is  lowest  in  both  the  fat  soluble  in  alcohol  and  in 
the  fat  of  the  soft  portion. 
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On  the  other  hand,  the  iodine  number  is  lowest  In  the  fat  soluble  In 
nlcoliol  and  higliest  in  the  fat  of  tlie  soft  i)ortion. 

The  tigiu'cs  in  tlie  above  table  sliow  tlie  influence  of  the  coustauts  on 
the  melting  point  of  butter  fat.  The  portion  of  fat  insoluble  in  alcohol 
and  the  original  fat  from  which  the  above  portion  was  taken  show  a  de- 
cidedly higher  iodine  number  than  the  portion  soluble  in  alcohol.  If  the 
melting  point  depended  solely  on  the  iodine  number,  tlie  melting  point  of 
the  fat  insoluble  in  alcohol  and  of  the  original  butter  fat  would  be  dis- 
tinctly lower  than  the  melting  point  of  the  portion  soluble  In  alcohol. 
Table  VII  shows  that  this  is  not  the  case.  The  melting  i>oint  of  the  iKir- 
tion  insoluble  in  alcohol  and  of  the  original  butter  fat  is  a  great  deal 
higher  (19.1**  C.  and  10.6°  C,  respectively,  higher)  than  the  melting  point  of 
the  fat  soluble  in  alcohol.  The  only  factor  to  which  this  fact  can  be  attrib- 
uted is  the  high  Reichert-Meissl  No.  in  the  case  of  the  fat  soluble  in 
alcohol,  as  compared  with  the  low  Reichert-Meissl  No.  of  the  fat  insoluble 
in  alcohol  and  of  the  original  butter  fat.  These  results  make  it  perfectly 
clear  that  the  softness  or  hardness  (melting  point)  of  butter  fat  is  de- 
pendent to  a  great  degree  on  the  i)er  cent  of  soluble  fatty  acids  present. 

This  table  further  shows,  as  stated  in  the  previous  chapters,  that 
butter  fat  is  a  mixture  of  triglycerides  of  different  fatty  acids.  The  soft 
portion  Is  the  result  of  mechanical  separation  at  different  temperatures. 
It,  therefore,  contains  more  glycerides  combined  with  acids  of  low  melting 
points  including  oleic  and  soluble  acids.  Furthermore,  the  fat  soluble  in 
alcohol  represrnts  glycerides  of  acids  Polul)le  in  alcohol.  Since  it  Is  kn.iwn 
that  some  of  the  glycerides  of  the  soluble  acids  are  soluble  in  alcohol, 
we  can  assume  that  some  of  the  molecules  in  butter  fat  are  made  up  of  the 
glycerides  containing  a  larger  proportion  of  the  soluble  acids  than  othera 

CONDITIONS  AFFECTING  THE  COMPOSITION  OF  BUTTER  FAT. 

The  comiK)slti(»n  of  butter  fat  varies  with  the  season  of  the  year.  A 
series  of  analyses  (»f  hiitt«»r  fat  of  butter  made  during  each  of  the  twelve 
months  of  the  year,  yieldwl  the  results  summarized  in  Table  VII I. 

Tiie  results  in  Table  VIII  sh<»w  that  the  Reichert-Meissl  number  was 
lowest  in  (>ctol)er,  increasing  steadily  until  it  reached  its  maximum  in 
March.  After  Marcli  it  droi)ped  abruptly,  holding  about  its  own  till  July, 
then  taking  a  serond  drop  and  declining  slightly  toward  October. 
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Table  VI 11. 
Effect  of  the  Season  of  Year  on  the  Composition  of  Butter  Fat. 


Reichert 

MeiBB] 

Number. 


January. 


30  03 


February. 


30.58 


Iodine 
Number. 


Melting 
Point. 


31  20 


March. 


31.30 


April. 


29.35 


May 


June. 


29.55 


29.56 


July. 


August. 


28.90 


27  13 


September. 


October. 


November. 


27.19 


26.54 


28.36 


December. 


29.62 


31.97 


31.94 


35.83 


36.48 


38  23 


37.10 


38.99 


35.36 


34.27 


30.65 


33.4"  C. 

33.5»  C. 

33. 5*  C. 

33  3'  C. 

32.6-  C. 

32.45*  C. 

31. 9*  C. 

32  1"C. 

33  0*C. 

33.2*  C. 

33.4*  C. 

30  30 


33  6*  C. 


The  Iodine  number  was  lowest  in  December,  increasing  slightly  toward 
and  Including  March ;  rising  abruptly  in  April  and  continuing  to  rise  up  to 
and  including  June,  then  gradually  dei!lining  toward  October  and  dropping 
suddenly  in  November,  followed  by  a  slight  dr(H)  in  December. 

The  melting  point  followed,  in  general,  the  Iodine  number  reversedly. 
It  was  lowest  in  mid-summer  when  the  Iodine  number  was  highest,  and  It 
reached  Its  maximum  In  December,  when  the  Iodine  number  was  lowest. 
The  variations  of  the  melting  point,  however,  were  not  so  abrupt  as  those  of 
the  Iodine  number.  A  careful  study  of  Table  VIII  suggests  that,  at  times, 
the  variations  in  the  melting  point  may  liave  b(»en  influenced  strongly  by 
the  Reichort-Mcissi  imnibcr. 

Experimental  <Iat}i  prodnceil  in  tliis  country  and  abroad  show  unmis- 
takably that  the  feed  whicli  the  cows  receive  influences  the  i)er  cent  of 
olein  In  butter.     Such  feeds  as  cottonseed  meal,  bran,  corn,  overripe  dry 
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fodders,  etr..  when  feil  in  ex(.*esy,  tend  to  decrease  the  per  cent  of  oleiD. 
while  linseed  meal,  gluten  feeds,  succulent  pasture  grasses,  etc..  are  con- 
ducive of  raising  the  per  cent  of  oleln. 

The  volatile  fatty  adds  d(»  not  seem  to  be  api)reciably  affected  by 
the  feed  the  cows  receive.  They  are  Intluenced,  however,  by  the  period 
of  lactation  as  shown  in  Tables  IX  and  X.* 


Table 
SlK}irinf/  the  Effect  of  the  Period 

IX 

of 

• 

Laetation  on  the  Mill 

:  Fat  ft. 

TlllK. 

Reichert- 

Meissl 
Number. 

Soluble 
Ackb. 

IiHoluble 
Adds. 

Ist  moDtli 

! 

.      '           32.41 

1 

7.38 

«!  26 

2d  month  

..    }           29.48 

7.07 

87.M 

3d  month 

29.95 

708 

87  90 

4th  month 

29.97 

1 

7.11 

87.73 

5th  month 

29.56 

7.00 

87  72 

6th  month 

29.21 

6.82 

88  19 

7th  month 

■  •    ■ 

28.06 

6.45 

.« 
88  4 

8th  month 

25  32 

5  84 

88.6 

9th  month 

1 

25  45 

6  01 

885 

10th  month 

27.45 

6  26 

88  1 

'  Hunzllcer.  Proceedings  of  the  Indiana  Academy  of  Science,  1008,  pa^e  144. 
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Table  X. 
Showing  Effect  of  the  Period  of  Lactation  on  the  Milk  Fats. 


TlMB. 

Reichert- 

Meiasl 
Number. 

Soluble 

Acids 

Per  Cent. 

Insoluble 

Acid*. 
Per  Cent. 

l»t  moDth 

36.68 

8.20 

86.76 

2d  month 

35.75 

809 

86.74 

3d  month 

33  19 

759 

86.99 

4th  month 

33  80 

7  56 

86.95 

5th  month 

33.63 

7.47 

87.10 

6th  month 

33  67 

7  55 

86.94 

7th  month 

32  72 

7  49 

86.99 

8th  month 

31.63 

7.25 

87.41 

9th  month 

31  98 

7.10 

• 

87.50 

10th  month 

32  03 

7  12 

87.46 

11th  month 

26  64 

650 

88.20 

12tti  month 

30.48 

8.86 

87.69 

The  data  in  Tables  IX  and  X  represent  results  of  experiments  with  three  cows  whose  period  of  lactation  com- 
menced in  October  and  November  respectively.  They  were  fed  on  a  uniform  ration  throu^out  the  entire  period 
of  lactation  with  the  exception  tliat  in  July  (the  9th  month  afto*  calving)  they  were  turned  out  on  pasture. 

The  above  tables  clearly  show  that  the  soluble  fatty  adds  are  highest 
immediately  after  parturition,  or  at  the  beginning  of  tlie  period  of  lacta- 
tion. Slight  irregularities  excepted,  they  decreased  as  the  period  of  lac- 
tation advanced  and  were  lowest  toward  the  close  of  the  period  of  lacta- 
tion. 

It  so  happens  that  in  most  localities  the  majority  of  the  cows  drop 
their  calves  in  late  spring,  at  a  time  when  they  also  change  from  dry 
feed  to  succulent  pasture.  This  explains  why  in  early  summer  both  the 
per  cent  of  volatile  fatty  acids  and  the  per  cent  of  oleic  acids  increase 
and  the  melting  point  decreases. 

[13-28003] 
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RELATION  OF  COMPOSITION  OF  BUTrEU  FAT  TO  COMPOSITION 

OF  HU'ITKR. 

During  late  spring  and  early  snnuner,  at  a  time  wlien,  as  shouTi  above, 
the  Reichert-Meissl  number  and  the  Iodine  number  are  high  and  the  melt- 
ing point  is  low.  the  butter-mailer  ex|>eriences  usually  ccmsiderable  ditli- 
mlty  in  manufa<rturiiig  butter  with  a  reasonably  low  moisture  content.  This 
coincidence  has  suggested  to  tlie  writers  tliat  there  may  be  a  more  or  less 
intjmate  relation  betwen  the  melting  |M)int  of  the  butter  fats  and  their 
l)ower  to  absorl)  water  during  tiie  process  of  Imtier-malving.  A  series  of 
exi)eriments  was.  therefore,  (onduittMl  l)earing  on  this  point.     The  results 

are  shown  in  Table  \I. 

« 

Table  XI. 
I*vr  Cent  of  Moisture  livtalurd  hii  Koft  ami  Hani  Fats  ('hunifd  Scparatrlii. 


Tor  O-nt  Water. 


Per  Cent 

IniiTtt^e 

,  of  Soft 

Soft  Fat-*.        '     Hani  Fiits  Over  Hard 


March  butter 43  84  24  76  77.02 


May  butter 50  62  24  78  104.28 


Average 47.23  24  77      !  90.65 


Table  XI  covers  exi»eriments  in  whicli  soft  and  hard  portions  of  but- 
ter fat  (butter  fat  with  a  low  and  a  high  melting  pi)int)  were  separated 
from  one  another  by  fractional  crystallization  of  the  fats  and  by  pressure. 
Tlie  soft  and  hard  ixirtions  were  churned  separately  under  identical  con- 
ditions, adding  the  same  anumnt  of  water  to  each  churning  an<l  churning 
at  the  same  temperature. 

Twelve  8ei)arate  <*hurnings  were  made  each,  the  Mar<-h  butter  and 
the  May  butter.  In  the  March  buttc»r  the  per  cent  increase  of  the  mois- 
ture of  tlie  soft  I'ats  over  tiiat  of  tiie  liard  fats  was  77.01*.  In  tiie  May  but- 
ter the  per  cent  increase  of  tiie  moisture  of  tlie  soft  fats  over  that  of  the 
hard  fats  was  104.1^s.  Tlicse  figures  unmistakai)iy  sliow  tliat  tiie  soft  fats 
are  capable  of  taking  up  a  great  deal  more  moisture  tlian  tlie  hard  fats. 
Tiiey,  therefore,  can  leave  litlle  doul»t  that  the  material   increase  in  the 
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moisture  content  of  butter  made  In  early  summer  is  due  to  the  increase  in 
the  soft  fats  it  contains. 

The  moisture-retaining  proi»erty  of  the  fats  is  largely  dei)endent  on 
tlicir  melting  iMiint.  Tlie  lower  the  melting  pohit,  the  greater  is  their 
power  to  mix  witli  an<l  retahi  water.  Since  the  glycerldes  of  the  oleic 
and  soluble  fatty  acids  Iiave  a  low  melting  i)oint,  It  is  reasonable  that 
any  increase  in  the  per  cent  of  these  glycerides  tends  to  increase  the 
water-retaining  properties  of  the  butter. 

Dairy  Department, 

Purdue  Experiment  Station. 
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On  a  New  Complex  Copper  Cyanogen  Compound. 


Bv  A.  K.  MiDDi.FroN. 


(Preliminary  Note.) 

When  a  cold  concentrated  solution  of  KCN  is  added  to  a  cold  con- 
centrated solution  of  cuprlc  chloride  or  sulphate,  but  not  nitrate,  greenish 
brown  cupric  cyanide  is  precipitated;  the  precipitate  dissolves  on  fur- 
ther addition  of  KCN  with  formation  of  a  claret  red  to  violet  red  com- 
pound, much  resembling  potassium  permanganate  solution.  Further  addi- 
tion of  KCN  destroys  the  color,  with  precipitation  of  white  cuprous  cyan- 
ide (presumably),  which  then  dissolves  in  excess  of  KCN,  First  addition 
of  concentrated  cupric  salt  solution,  or  the  solid  salt,  to  concentrated 
KCN  solution  produces  a  brilliant  violet  color,  instantly  destroyed  by  fur- 
ther addition  and  quickly  disappearing  on  standing.  Further  additions 
of  copper  salt  give  the  red  compound,  provided  the  solution  is  kept  nearly 
at  0°  ;  otherwise  cyanogen  is  evolved  and  the  red  compound  is  not  formed- 
If  the  solutions  are  too  concentrated  or  too  dilute,  the  red  compound  is 
not  formed.  Solutions  about  one-half  saturated  appear  to  give  the  com- 
pound most  readily  and  in  largest  amount. 

Search  through  the  available  literature  has  revealed  no  reference  to 
such  a  compound.  It  is  quite  unstable,  decomposing  to  a  brown  solution 
on  standing  in  a  warm  room  over  night;  is  instantly  decomposed  by 
strong  and  weak  acids  and  bases  and  l>y  pyridine;  soluble  in  alcohol,  but 
insoluble  in  chloroform,  ether,  benzene,  toluene  and  carbon  tetrachloride. 
Attempti?  to  crystallize  out  the  compound  are  in  progress,  and  at  the  time 
of  writing  appear  promising.  The  method  pursued  is  as  follows:  Solid 
CuCla.2H30  was  added  in  small  amoimts  to  KCN  solution  about  one-half 
saturated,  with  constant  shaking  in  ice  water.  After  the  red  color  reached 
a  maximum,  tlie  solution  was  filtered,  three  volumes  of  95%  alcohol  added 
and  placed  in  the  icebox  in  an  exhausted  desiccator.  After  24  hours  white 
opalescent  scales  separated,  which,  after  washing  with  alcohol  and  ether 
and  drying,  present  a  metallic  appearance  somewhat  resembling  tinfoil. 
These  contain  copper  and  may  be  cuprous  cyanide.  The  solution  retained 
its  red  color  unchanged  and  it  is  hoped  that  the  compound  can  be  crystal- 
lized out  in  form  suitable  for  analysis. 

Purdue  University, 
T^afayette,  Ind. 
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Determination  of  Endothermig  Gases  by  Combustion. 


By  a.  U.  Middijcton. 


Eudothennic  gases  such  as  ethylene  and  acetylene,  even  when  mixed 
witli  sntlicient  air  to  form  an  explosive  mixture,  may  be  accurately  and 
Hafely  detennined  l»y  combustion  in  a  gas  pipette  provided  the  following 
conditions  are  ol>served :  ( 1 )  Presence  of  a  c*onsiderable  excess  of  oxygen ; 
(2)  admixture  with  an  exothermic  gas;  (3)  slow  admission  of  the  com- 
bustil)le  gases  to  the  ccmibustion  pipette;  (4)  application  of  heat  from 
below  on  the  entering  combustible  gases;  (5)  reduced  pressure.  These 
conditions  are  secured  by  using  a  Winkler-Dennis  gas  combustion  pipette, 
the  platinum  si»iral  being  placed  as  near  the  juncture  of  the  capillary 
with  tlie  i»ii>ette  as  possii)le  without  endjingering  the  glass;  mixing  the 
endothermlc  gases  with  one  to  two  volumes  (»f  pure  hydr(>gen;  and  slowly 
leading  tliis  mixture  into  oxygen  instead  of  tlie  reverse  as  is  usually  done 
in  combustion  of  the  methane  and  liydrogen  of  illuminating  gas. 

The  combustion  is  carried  out  as  follows:  The  hydrogen  used  as  a 
diluent  is  generated  in  a  llem|)el  hydrogen  pipette  from  zinc  free  from 
carbon;  the  requisite  quantity  is  drawn  into  a  burette,  measured  and 
transferred  to  a  mercury  pii)ette;  a  measured  volume  of  acetylene  or 
ethylene  is  tlien  driven  over  into  the  hydrogen  and  the  gases  thus  mixed 
drawn  back  into  the  burette.  Al)out  10  cc.  more  than  the  theoretical 
amount  of  oxygen  required  for  the  combustion  is  measured  and  trans- 
ferred to  the  C(mibusti(m  pipette.  The  Inirette  (xmtaining  the  mixed  com- 
bustible gases  over  mercury  is  coniiected  with  the  pii»ette  and  the  level 
bulb  of  the  latter  so  i)Iaced  that  the  oxygen  in  the  pipette  is  under  a  re- 
duced pressure  of  one  or  two  centimeters  of  mercury.  The  current  is  then 
turned  on  and  the  resistance  so  adjusted  that  the  spiral  is  maintained  at 
a  bright  red  heat.  The  pinch-cock  on  the  rubl>er  connection  of  the  burette 
with  the  capillary  arm  of  the  i)ii)ette  is  openeil;  the  expansion  (»f  the 
oxygen  by  the  heat  froui  tiio  spiral  approximately  iMiInnt'CS  the  reduced 
pres.sure  and  little  or  n<»  gas  enters  the  [)ipet((»  on  opening  tlie  pincli-c<»ck. 
The  screw  pincli-co<-k  nii  tiic  connecting  tui>e  of  tlie  l)urette  and  its  level- 
ing tulH?  is  then  sliglitly  ojiened  and  so  adjusteil  that  the  flow  of  gas  Into 
the  piijette  is  about  2  cc.  per  minute.    After  proper  adjustment  is  eflfectetl 


200 


the  apparatus  requires  no  further  attention  until  the  combustion  is  ended. 

If  the  inflow  of  combuRti))te  gases  much  exceeds  the  rate  prescribed, 
a  series  of  small  explosions  is  liliLely  to  occur  at  the  juncture  of  the  capil- 
lary side-arm  with  the  pipette,  traces  of  carbon  deposition  are  evident  and 
the  results  are  slightly  low. 

Some  analyses  of  acetylene  and  explosive  mixtures  of  acetylene  with 
air  are  appended: 


Exp.  No 

CjHs.  cc. 

H?,  cc. 
30.0 

Oi,  cc. 
80.0 

Re«.  cc. 
55.0 

After 
KOH  cc. 

15.0 

COj.  cc 
40.0 

OsCoD- 
sumed,  cc. 

CtBt,  %. 

1 

20.0 

65.0 

100.0 

2 

10.0 

30.0 

54.2 

34  3 

34  2 

20  1 

400 

100.5 

3 

20 

50  0 

52  6 

26.8 

22  8 

4.0 

29.8 

100.0 

4 

30.0 

300 

100.0 

70.3 

10.8 

59.5 

892 

00.2 

5 

30.0 

15.0 

1000 

77  8 

18.4 

59  4 

81  6 

00.0 

6 

15.0 

30.0 

09  0 

46.6 

16  6 

30.0 

52  4 

100.0 

7 

15.0 

300 

70.0 

47.4 

17  4 

300 

52.6 

100.0 

8 

10.2 

250 

509 

33  4 

130 

20  4 

37.9 

100  0 

Ex  11 

iloslve  mixtures 

of  air  ji 

ind  acetylene: 

1 

15.0 

30.0 
30.0 

.MO 
51.0 

1 

3.5.2 
34.6 

13  4 
12.5 

21  8 
22.1 

72  6 

2                15  3 

72  2 

Absorption  by  fuming  sulphuric  acid  gave  72.0%  and  72.;?%. 

Purdue  University, 
Lafayette,  Ind. 
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Methods  in  Solid  Analytics. 


By  Arthur  S.  Hathaway. 


Define  the  "vector"  [A,  A-,  w]  as  the  carrier  of  the  point  (/,  y,  2)  =  P,  to  the 
oint  {z  -\-  hy  y -\-  kf  z-\-m)=.  Q^  and  show  that  the  distance  and  direction  cosines 
f  the  displacement  PQ  are  given  by  functions  of  the  vector  called  its  tensor  and 

nU,    r[h,  k,  m]  =  ^(A^  -I-  Jt«  ^-  „i^  )  =  n,    U[h,  /•,  m]  =  [/i/«,  k/n,  m/n]. 

Interpret  the  sum  [A,  A-,  ni]  -f  [A'',  k\  m^]  =  [A  -f  A'',  A:  -f  //,  in  +  w/]  as  a 
»iultant  displacement,  PQ -{-  ^-R  =  Pi2,  and  the  product  »[A,  A-,  m]  =  [«A,  w/:,7im|, 
»  a  repetition  of  the  displacement. 

Define  the  linear  functions  of  ^=[j',  y,  2]  as  the  * *sca I ars"  or  ** vectors"  whose 
alues  or  components  are  linear  homogeneous  functions  of  the  components  of  </, 
uch  Bn  ax  -{-  by -{- czy  etc.  Hence,  for  a  linear  function  Fgy  F{g  -\-  r)  =  Fg -{■  Fr, 
Fq  =  F{nq), 

Hence,  for  a  bi-linear  function  Fgry  F{ag  +  «''<7^,  hr  -\-  h^r^)  =  obFgr  -f- 
b'Fqr"  +  ofhFg'r+afh'Fg'r'. 

A  special  scalar  and  vector  bilinear  function  oi  g  ^^  [j,  y,  2],  g^  =  \y,  y^,  z^] 

re  defined. 

Sgg'=  TxT^  yy'-f  zsf^Sq'g. 

Vgg'zzz  [yz^-  2/,  z/-  x/,  x/^  yx^]  =  -  Vg'g. 

If  9  be  the  angle  between  the  displacements  </,  g^^  these  functions  are  inter- 

reted  as, 

Sqg'^Tg.Tg",  cosO.     TVgg'=Tg.Tg\    sinG;  and    Vgg'  is  a  displace- 
lent  perpendicular  to  both  g  and  g\  in  the  same  sense  as  the  axis  OZ  is  per- 
endicular  to  OX  and  OY^  t.  f.,  on  one  side  or  the  other  of  the  plane  XOY. 
The  use  of  this  material  is  illustrated  in  the  following  examples: 
^  =  (2,3,-1),  JB=(3,  5,  1),  C=(8,  5,  2),  i)=(5,  7,  11). 

1.  Find  the  lengths  and  direction  cosines  of  AB^  ACj  AD. 

Ans.     TAB  =  S,  UAB=\_l  I  J],  etc. 

2.  Fiudco8l?^C.     Ans.    SUABUAC=\{- 

3.  Find  area  of  ABC  and  volume  of  ABCD. 

Ans.     i  TVABAC=  i  185,  i  SA1)VABAC=  —  13. 

4.  Find  the  cosine  of  the  diedral  angle  C — AB  —  D. 

Ans.     SUVABACUVABAD  =  "   "i 

5.  Find  the  sine  of  the  angle  between  AD  and  the  plane  ABC. 

■^  186 
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<».     Fin<1  the  projection  of  AB  on  CD  and  ihe  distance  l>etween  them. 

19  78 

An».     SAHI('I>=  -— — ,  SADWAHri)-  —-—. 

\/  94  l/48:» 

7.  Find  the  equation  of  the  line  AH, 

X  —  2       V  —  3      z  4  1 

Ans.     AP=tAU.  or =  * = (  -  t  ). 

]  •>  •> 

8.  Find  the  e<|nation  of  the  plane  A1U\ 

Ans.     SAPVAHA('=  2x  -f  Dv  —  l(>z    -  41  =  O. 
(a)  The  distance  from  this  plane  t(.  {r\  /,  O  is  SAPn^VARA<\  or 

(2/^^-h  V— lOz^— 41)  , 

9.  The  vector  whose  tensor  and  components  are  the  moments  of  AS  about 
Cand  about  axes  through  ('  parallel  to  OA',  O}',  ()Z,  is  IY'J.47?— [2,  9,—  10]. 

10.  The  work  done  by  (1)  in  making  the  displacement  .1/^  is  SABCD  =19. 

Rose  Polytechnic  Institute, 
Terre  Haute,  Ind. 
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Motion  of  N  Bodies. 


Bv  Arthur  S.  Hathaway. 


The  relative  motion  of  n  bodies,  in  any  order  of  space,  and  subject  to  any 
[aw  of  mutual  action,  is  given  by 

(1)  '<p  =  ifnT 

nrhere  9  is  a  matrix  which  transforms  n  determining  points  of  a  reference  space 
of  order  n  —  1  into  the  positions  of  the  n  bodies,  and  tt  is  a  self-conjugate 
matrix,  depending  solely  upon  the  ratios  of  the  mutual  reactions  to  the  corres- 
ponding  mutual  distances. 

The  matrix  ^  is  of  order  n  —  1,  if  the  motion  of  the  bodies  is  within  the 
reference  space,  and  9'',  the  conjugate  of  ^,  annuls  every  direction  of  the  refer- 
ence space  exterior  to  the  space  of  the  moving  bodies.  If  the  space  which  con- 
tains the  moving  bodies  be  greater  than  n  —  Kst  order  the  matrix  ^  must  be  of 
the  sume  order,  but  must  annul  all  directions  outside  of  the  reference  space. 

The  reduced  equations  of  motion  are, 

(2)  (V;-f-W)  V'""MV'~W)  =  2  (v^  — V^T^n-V), 

(IJ)     Vv  =  ri/'— V^, 

vlifre  V'=r^'^,  a  function  of  the  mutual  distances,  and  W  is  a  skew  conjugate 

latrix,   whose    element**   are    to   be    found   from    the   quadratic   equations  be- 

reeii   them  in  (2),  and  thence  substituted  in  the  remaining  equations  of  (2)  and 

{3)y  giving  a  certain  number  of  reduced  equations  of  second  and  third  order. 

Another  equation  which  is  linear  in  the  elements  of  W  enables  us  to  find 

r'ecfuced  equation?^  in  third  and  fourth  orders, 

(4)      Dt  (  V'  —  V'^  —  7rrl>)z=ntjf  f  i/^TT  +  Wtt  —  ttW. 

TCrtsc  Polytechnic  Institute, 
Terre  Haute,  Ind. 
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Direct  Reading  Accelerometers. 


By  C.  R.  Moore. 


Kvery  person  Is  more  or  less  familiar  with  the  subject  of  acceleration 
or  deceleration — changes  of  velocity — whether  or  not  the  laws  governin>j 
the  same  or  the  mathematical  expressions  therefor  are  understood.  Such 
everyday  occuirences  as  passengers  swaying  to  and  fro  partially  su8i)endeil 
from  street  car  straps,  the  hurry  up  that  accompanies  one's  movements  as 
he  tries  to  reach  tlie  car  door  just  as  the  motorman  stoi>s  the  car,  are 
examples  which  prove  this.  Changes  in  the  rates  of  motion  are  essential 
to  all  forms  of  transportation,  and  the  more  rapidly  a  car  or  train  can  be 
brought  up  to  8i>eed  (or  stopped)  the  shorter  will  be  the  time  required  be- 
tween two  [K>ints  when  a  given  number  of  stops  must  be  made.  Uailway 
trains,  street  and  interurban  cars  are  therefore  started  and  8topi)ed  as 
(juickly  as  is  consistent  with  reasonable  comfort,  in  response  to  the  demand 
of  the  traveling  public  for  last  time. 

It  is  the  purpose  of  this  paper  to  discuss  briefly  the  laws  of  motion, 
and  to  describe  a  new  device  for  measuring  the  rate  of  change  of  velocity, 
showing  results  of  tests  recently  conducted  in  the  Electrical  Laboratories 
Jit  Purdue  University. 

The  author  realizes  at  the  outset  that  the  subject  of  acceleration 
measurement  is  an  old  one  and  is  rather  reluctant  to  lay  claim  before  this 
body  of  scientists  that  what  Is  offered  herein  is  new.  However  as  far  as 
his  knowledge  goes  this  device  has  not  been  used  previous  to  this  time. 
The  scheme  is  brought  to  your  attention  for  whatever  consideration  it  may 
merit. 

Before  discussing  accelerometers  in  detail,  a  brief  study  of  just  what 
Is  meant  by  acceleration  and  deceleration  may  be  of  value. 

In  Fig.  1  curve  "D"  shows  distances  plotted  against  time,  the  dis- 
tances being  taken  as  ordinates  and  the  time  as  the  absclssie.  The  car  is 
to  be  thought  of  as  moving  from  a  certain  point  "O,"  distances  "d"  bein.? 
measured  from  that  point  at  the  end  of  the  any  time  "td."  It  will  be  noted 
that  during  the  first  few  time  units  after  the  car  starts  the  distance  passed 
through  each  successive  unit  is  greater  than  that  passed  through  durin?: 
tlie  preceding  unit  of  time,  i.  e.  the  rate  of  motion  is  increasing.    At  the 
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end  of  a  certain  time,  however,  equal  increments  of  time  show  equal  in- 
crements of  distance.  Tlie  curve  tlieu  becomes  straight  because  the  rate 
of  motion  has  become  constant. 

Velocity  or  the  average  rate  of  motion  is  defined  as  the  ^ace  passed 
over  divided  by  the  time  required  for  passage.  The  average  velocity 
through  any  point  then  may  be  found  l)y  dividing  small  increments  of 
distance  by  tlie  corresponding  iiHTements  of  time.  By  taking  these  In- 
crements sulficiently  snuill  we  may  malce  the  average  velocity  appntach 
tlie  true  instantaneous  velocity  tiirough  any  given  point  as  closely  as  we 
please.  At  the  limit  or  wlicn  tiio  in<*remeuts  biH*ome  zero  these  velc»eiti<'s 
are  equal. 

Near  the  point  "P"  on  the  distance  curves  shown  in  Figs.  1  and  2  are 
drawn  small  triangles  having  for  their  vertical  comi>onents  small  dlstant^es 
'*dd"  and  for  their  horizontal  components  the  corresponding  increments 
of  time  **dt."     From  the  above  definition   the  average  velocity   for   the 

space  passed  over  designated  by  the  small  triangle  will  be  v=^— . 

dt 

By  taking  this  triangle  very  small  the  average  velocity  may  be  made 
to  very  closely  approximate  the  instantaneous  velocity  at  the  point  "P." 

It  is  also  to  be  noted  that  the  ratio     -,       is  the  expression  for  the  tau- 

dt 

gent  of  the  angle  included  between  the  line  "dt"  and  that  i)ortion  of  the 
curve  which  completes  the  triangle.  Values  proportional  to  "v"  may 
therefore  be  found  at  any  point  on  the  distance  curve  by  drawing  a  tan- 
gent line  at  that  point  and  finding  the  tangent  of  the  angle  between  this 
line  and  the  horizontal.  Plotting  these  values  multiplied  by  a  constant 
gives  the  velocity  curves  **V"  (See  Figs.  1  and  2).  From  this  curve  we  are 
able  to  determine  the  velocity  of  the  car  at  any  time  *'t." 

By  s<»anning  curve  **V"  we  note  that  the  velocities  for  different 
time  values  until  that  time  is  reached  where  the  distance  curve  became 
a  straight  line.  At  this  point  tlie  tangent  values  become  constant  and 
the  velocity  curve  becomes  horizontal. 

Just  as  velocity  may  l)e  determined  by  dividing  space  passed  over  by 
the  time  required,  so  may  the  acceleration  be  determined  by  dividing  the 
velocity  change  by  the  time  required  to  make  the  change.  The  statements 
relative  to  average  and  instantaneous  velocity  also  hold  for  average  and 

instantaneous  values  of  accoleration.       We  may  therefore  write   a  =  — 

dt 
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as  the  general  expression  for  acceleration  when  derived  from  the  velocity- 
time  curve.  As  before,  this  expression  denotes  tangent  values  so  that  the 
acceleration  curve  may  be  obtained  from  the  velocity  curve  In  the  same 
manner  as  the  velocity  curve  was  obtained  from  the  distance  curve.  It  is 
interesting  to  note  that  the  acceleration  curve  reaches  the  X-axis  at  the 
same  time  the  velocity  curve  becomes  horizontal  and  at  the  same  time 
the  distance  curve  becfomes  straight.  This  Is  shown  mathematically  as 
follows: 

dd  dv       .i«d 

V  =  -i-  a  =^  -r-  =  -—J  =  0  for  V  =  a  cnustaiit. 

dt  dt         dt* 

or  the  value  of  "v"  can  l)e  variable  only  so  long  as  the  distance  time 

curve  is  not  straight,  and  unless  "v"  is  a  variable  the  second  derivative  of 

the  distance  cure  will  be  zero. 

Physicists  learned  early  that  weight  could  not  be  taken  as  a  standard 

of  force  on  account  of  the  variation  of  gravity  with  location  on  the  earth's 

surface.    Knowing  however  that  force  was  required  to  change  the  velocity 

of  a  body  it  developed  that  when  the  amount  of  substance — ^mass — in  a 

given  body  was  known     tni=  -)      the  force  needed  to  give  it  a  definite 

g 
change  in  velocity  in  a  given  time  was  a  tlefinlte  function  of  these  two 

quantities.  The  familiar  expression  for  this  is,  Force  =  mass  x  accelera- 
tion. 

The  equation  is  valuable  to  scientists  and  engineers  alike.  Using 
unit  mass  and  unit  acceleration,  the  scientist  finds  thereby  a  unit  force 
which  is  constant.  (The  equation  of  the  pendulum  gives  him  the  acceler- 
ation due  to  gravity  at  any  point  so  that  mass  may  be  easily  determined.) 
Knowing  the  masses  involved  In  a  given  car  or  machine,  the  engineer  is 
able  to  predetermine  the  torque  necessary  at  the  motor  shaft  to  bring  the 
same  up  to  speed  In  a  given  time.  This  information  is  valuable  for  pur- 
I loses  of  design. 

After  the  apparatus  has  been  assembled  it  is  sometimes  necessary  to 
determine  their  performance.  The  mass  being  known  it  remains  to  meas- 
ure the  acceleration  to  see  if  the  motors  meet  the  requirements. 

This  measurement  of  acceleration  has  been  attempted  In  many  ways. 
\  few  of  the  more  important  schemes  will  now  be  considered.  Accelerom- 
eters  employing  a  freely  moving  mass  of  some  sort  have  been  most  used. 
Dr.  Sheldon's  device  is  of  this  type,  using  a  suspended  weight  carrying  a 
pointer  at  the  bottom  (fastened  thereto  by  rods)  which  plays  over  a  scale. 
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The  mass  being  free  to  move  is  sensitive  to  clianges  of  velooity  and  the 
scale  may  be  calibrate<l  to  read  acceleration  directly.  The  calibration  U 
fairly  simple  and  the  device  is  not  dittioult  to  construct. 

Another  device  working  on  the  same  principle  consists  of  a  "IT*  tube 
partially  filled  with  mercury  so  placed  that  its  plane  is  parallel  to  the 
motion  of  the  car.  It  is  obvious  that  clianges  of  velocity  will  cause  the 
mercury  to  rise  in  one  side  of  tlie  tul>e  and  to  fail  in  the  otlier.  The  m<»re 
quickly  these  changes  occur  tiie  greater  will  l)e  the  difference  between  the 
heights  of  the  mercury  in  the  two  ix»rti(»ns  of  tlie  tube.  The  tube  may 
therefore  be  calibrated  to  read  acceleration  directly. 

Again  the  accelerometer  takes  the  form  of  a  slightly  inclined  track 
upon  which  rolls  a  hall.  This  track  is  made  to  extend  in  both  directions 
and  has  a  short  level  portion  at  the  middle.  Changes  of  velocity  cause  the 
ball  to  move  one  way  or  the  otlier  along  the  track.  This  devi<^  is  difficult 
to  read  and  is  not  very  accurate. 

All  of  these  accelen^meters  are  confined  to  horizontal  motions  and  if 
the  track  be  other  than  level  corrections  must  be  made  therefor.  This  in- 
volves a  great  deal  of  labor  and  exi>ense  s:>  that  while  the  devices  are 
simple  in  themselves  their  use  is  comidicated.  It  is  next  to  impossible 
to  make  them  self-recording. 

Another  apparatus  for  reading  acceleration  consists  of  two  magneti- 
cally actuated  markers  so  arrangcnl  that  dots  may  l)e  made  by  each  of  them 
on  a  sheet  of  paiier  moved  at  a  uniform  rate  of  motion.  The  magnet  of 
one  of  these  iwinters  has  its  circuit  closed  through  battery  at  regular  tiuie 
intervals  by  a  cloi*k.  Tiie  other  pointer  has  its  magnet  operated  on  a 
circuit  which  is  closed  through  battery  a  definite  numlier  of  times  per  revo- 
lution of  the  car  wheel.  From  the  record  made  by  these  [)ointer8  the  ac- 
ceieration  at  any  time  may  be  delermined.  This  apparatus  also  involves 
a  great  deal  of  labor  and  expense  and  is  seldom  used. 

The  accelerometer  wliicli  is  tlie  subject  of  this  paper  dei>end8  for  it.** 
operation  entirely  upon  electrical  phenomena  and  is  indei>endent  of  its 
own  location,  motion  or  position.  It  will  therefore  read  acceleration  ver- 
tically or  at  any  angle  as  weli  as  in  the  horizontal  direction.  No  cor- 
rections are  necessary  and  it  may  easily  be  made  self-recording.  It  i« 
not  difficult  to  calibrate  and  is  permanent. 

The  circuit  as  originally  conceived  is  shown  in  Fig.  3  in  which  "B** 
is  an  electric  condenser.  "('"  an  ordinary-  high  grade  direct  current  volt- 
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meter  (with  the  extra  resistance  removed)   and  "A"  is  a  direct  current 
magneto  generator  having  i>ermanent  magnet  fields. 

The  equation  of  the  condenser  is  Q=EC;  where  Q  is  the  quantity  of 
electricity  in  Coulombs  (ampere  seconds),  E  is  tlie  voltage  impresseil.  and 
G  is  the  capacity  in  farads  of  the  condenser.  Studying  this  equaticHi  we 
find  that  if  E  is  increased  uniformly  the  quantity  of  charge  Q  on  the  con- 
denser plates  will  also  increase  uniformly.  Since  Q  is  increasing  uni- 
formly  with  respect  to  time,  the  inflow  of  current  is  at  a  constant  rate. 

i.  e..  i  =  -T^'        Likewise  a  constantly  decreasing  E  will  give   u  constant 
'         (it 

outflow  of  current.    However,  as  soon  as  E  reaches  a  fixed  value  all  cur- 
rent flow  in  the  circuit  ceases  since  it  is  one  property  of  the  electric  con- 
denser to  arrest  the  flow  of  direct  current.     (The  terms  "inflow"    and 
"outflow"  r^fer  to  those  condenser  plates  (hat  are  directly  connected  to 
the  instrument  terminal.    Of  course  as  nmch  current  flows  on  to  one  set 
of  plates  as  flows  off  of  the  other  plates,  the  current  in  the  line  having  a 
definite  direction  during  an  increase  of  voltage  and  the  opposite  direi^'tion 
during  a  decrease  of  voltage.)    The  magnitude  of  these  currents  are  sliowu 
by  the  direct  current  instrument  whicli  consists  merely  of  a  coil  swinging 
in  a  uniform  magnetic  field.    So  long  then  as  the  voltage  is  changing  uni- 
formly the  instrument  will  read  a  constant  value  returning  to  ssero  only 
when  E  ceases  changing.    It  follows  that  if  E  does  not  change  uniformly 
the  instrument  will  not  read  a  constant  value  but  that  Its  indications 
will  .be  proportional  to  the  instantaneous  rate  of  change  of  the  voltage. 
ITic  direct  current  magneto  Is  so  designed  that  its  voltage  is  directly  pro- 
portional to  its  speed,  so  that  changes  of  voltage  at  its  terminals  can  only 
occur  as  a  result  of  changes  in  speed.     Therefore  the  instrument  reads 
the  rate  of  change  of  speed,  i.  e.  acceleration  whether  positive  or  negative. 
In  a  preceding  paragraph  it  was  implied  that  an  electric  condenser 
allows  no  current  to  pass  w^hen  the  voltage  E  has  reached  a  fixed  value. 
This  would  be  a  fact  if  an  ideal  condenser  could  be  made,  but  it  is  a  well 
known  fact  that  there  is  always  some  leakage  even  in  the  best  condensers. 
This  means  that  the  dielectric  has  a  definite  value  of  resistance  which 
varies  with  different  conditions  and  substances,  and  according  to  Ohm*s 

Y 
law  the  leakage  current  will  he  l  =  ^.     This  state  of  affairs  i*enders  our 

IV 

ideal  circuit  Incorrect  for  any  speed  above  zero  because  the  Instrument 
gets  a  small  current  in  :i  definite  direction  that  is  practically  proportional 
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to  speed,  and  even  if  the  voltages  were  constant — acceleration  zero— the 
instrument  could  not  return  to  its  zero  position. 

The  circuit  must  therefore  be  modified  to  compensate  for  this  small 
leakage  current,  as  is  shown  in  Fig.  4.  A  second  direct  current  magneto 
(or  another  commutator  on  the  original  machine)  is  arranged  so  that  it 
can  feed  current  through  a  high  resistance  to  another  coil  on  the  moving 
element  of  the  instrument.  This  second  coil  is  wound  over  the  first  and 
works  in  the  same  magnetic  field.  The  current  is  passed  through  it  in  such 
a  direction  that  the  torque  produced  thereby  opposes  the  torque  of  the 
original  coil.  By  adjusting  the  high  resistance  these  torques  may  be  made 
equal  and  the  instrument  will  read  zero  for  any  constant  value  of  voltage 
within  reasonable  limits.  This  allows  the  charging  currents  to  actuate 
the  instrument  entirely  independent  of  the  leakage  current  and  condensei*8 
of  reasonable  cost  may  be  employed. 

In  Fig.  4  the  second  generator  is  shown  at  Aj,  the  liigh  resistance  at 
R,  and  the  second  coil  on  the  moving  element  of  the  instrument  has  its 
terminals  shown  at  T,  and  T,.  These  terminals  are  also  shown  in  the 
separate  sketch  of  the  Instrument  C.  It  will  be  noted  that  the  pair  of 
magnetos  are  shown  belted  to  a  car  axle.  When  this  is  done  changes  in 
the  rate  of  motion  of  the  car  will  produce  changes  in  the  voltages  of  the 
magnetos  so  that  the  instrument  may  be  calibrated  to  read  accelerations 
in  terms  of  feet  per  second  per  second,  as  well  as  in  terms  of  revolutions 
per  second  per  second. 

Figures  5  to  11  show  the  results  obtained  recently  from  tests  on  this 
type  of  accelerometer.  Three  curves  (Figs.  5,  6  and  7)  show  positive  ac- 
celeration, and  three  (Figs.  8,  9  and  10)  show  negative  acceleration. 

The  -experimental  apparatus  with  which  these  results  were  obtained 
was  made  up  as  follows:  the  direct  current  machine  in  the  condenser  our- 
cuit  was  a  separately  excited  generator  of  about  500  watts  capacity  having 
a  normal  speed  of  1,800  R.  P.  M.  The  fields  were  excited  from  storage 
battery,  about  140  milamperes  being  used.  At  1,800  R.  P.  M.  this  excita- 
tion gave  about  50  volts  at  the  terminals.  Since  the  field  was  constant 
and  no  appreciable  current  was  taken  from  the  armature  the  voltage  re- 
mained directly  proportional  to  the  speed.  The  condensers  had  a  combined 
capacity  of  about  65  micro- farads  and  were  of  the  ordinary  paper  type. 
The  instrument  used  was  home  made  and  very  imperfect.  Its  moving 
element  was  very  heavy,  its  frictional  error  larjjo  and  tlie  damping  effect 
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poor.  Its  calibration  curves  are  showu  in  Fig.  11.  These  imperfections 
account  for  the  varlatiou  in  its  calibration  constant  as  will  be  stated  later. 
Tlie  resistance  circuit  contained  a  three- volt.  1,800  R.  P.  M.  magneto  (i>erma- 
nent  fields)  directly  coiniectoil  to  tlie  motor  shaft,  as  was  the  generator  in 
the  condenser  circuit.  Tlie  resistance  employed  was  of  tlie  ordinary  box 
type. 

Acceleration  was  obtained  by  impressing  suddenly  a  fixed  voltage  on 
the  driving  motor  and  reading  values  of  speed  and  the  accelerometer  every 
two  seconds.  Deceleration  was  obtained  by  opening  the  motor  switch  and 
reading  speed  and  the  accelerometer  every  two  seconds.  The  speed  read- 
ings were  secured  by  attaching  a  voltmeter  to  the  three-volt  magneto. 
Some  of  the  readings  thus  taken  are  shown  in  Figs.  5  to  10  which  are 
self-explanatory. 

Scanning  these  curves  brings  out  their  similarity  to  the  mathematical 
curves  on  Figs.  1  and  2. 

Calibration  is  effected  by  drawing  tangents  at  various  points  on  the 
speed  time  curve  and  dividing  the  accelerometer  reading  at  this  point  by 
the  value  of  the  tangent  of  the  angle  between  this  line  and  the  horizontal. 
This  quotient  should  be  constant.  Now  by  noting  actual  voltage  and  the 
corresponding  speed  the  number  of  volts  per  revolution  may  be  obtained. 
Our  tangent  value  indicates  volts  change  in  a  given  time  "t"  which  may 
now  be  reduced  to  revolutions  change  in  the  same  time.  If  the  gener- 
ators be  belted  to  a  car  axle  the  wheels  of  which  have  a  known  diameter 
this  revolution  change  may  be  reduced  to  the  corresi)onding  change  of 
linear  velocity  in  the  given  time  "t." 

For  the  tests  herein  described,  however,  the  instrument  scale  was 
arbitrarily  drawn  and,  with  the  particular  circuit  set  up,  each  small  di- 
vision corresponds  to  an  acceleration  of  0.33  revolutions  per  second  per 
second.  If  it  had  l)een  used  on  an  Interurban  car  having  24"  wheels  its 
scale  would  indicate  0.817  feet  per  second  per  second  per  small  division. 
This  value  could  be  reduced  to  a  workable  figure  by  using  a  larger  con- 
denser, a  higher  voltage  and  a  more  sensitive  voltmeter. 

These  calibration  values  varied  from  15  to  25  revolutions  per  second 
per  second  per  small  scale  division  on  account  of  imperfections  in  the  in- 
struments and  the  small  readings  made  necessary  by  having  insufllcient 
capacity. 
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Almost  jiny  cnmleiiser  uiien  suddenly  discharged  if  allowed  to  stand  a 
few  niiiiutes  will  exi)erience  a  rise  in  potential  at  its  terminals.  This  rise  Is 
due  to  what  is  kn<iwn  as  the  residual  ciiarge.  This  phenomenon  is  explained 
as  follows :  When  a  condenser  is  charged  its  dielectric  is  strained  and  being 
non-homogeneous  tlie  strains  are  unequal.  (By  strain  is  meant  the  actual 
(Mmpression  of  the  plates.)  When  discharged  these  strains  are  relieved  but 
they  do  not  decrease  at  the  same  rate,  sr>  that  simie  parts  of  the  dielectric 
l)ei^ome  straine<l  in  the  opposite  sense  and  balance  those  parts  which  are 
slower  in  acting.  The  cundenseer  is  then  apparently  discharged,  but  after 
standing  a  while  these  strains  tend  to  diminish  and  usually  there  is  a  re- 
sultant strain  set  up.  This  resultant  strain  is  due  to  tlie  fact  that  while 
the  forces  were  originally  balanced  at  the  end  of  the  first  discharge,  yet 
the  distances  are  uneiiual  and  in  ntm homogeneous  materials  stress  is  sel- 
dom proportional  to  strain. 

The  condenser  may  now  Ikj  discharged  again  and  after  a  time  may 
show  still  another  rise  of  potential.  In  the  apparatus  herein  described 
tliis  elTe<-t  is  entirely  negligible,  for  the  reason  that  the  inrndenser  lo  never 
cliargetl  or  discharges!  suddenly,  some  few  seconds  being  reijuired  to  com- 
plete the  action. 

In  all  condensers  tliere  Is  also  some  absorption,  but  with  good  con- 
densei-s  used  at  the  voltages  i)rof)osed  for  this  apparatus  this  effect  is  also 
quite  negligible,  and  we  may  with  certainty  say  that  for  a  given  voltage 
change  at  any  part  of  tiie  pt)tential  range  e<]ual  (piantities  of  electricity 
pass  through  the  instrument. 

W'ith  an  instrument  giving  a  uniform  scale  therefore  we  have  an  ap- 
paratus which  will  shov/  espial  increments  of  readings  for  espial  rates  of 
change  of  vel<H*ity.  i.  e.  a  direct  rending  accelenmieter. 

Fig.  12  sliows  the  apparatus  as  assembled  for  use  in  railway  work. 
The  double  commutator  magneto  is  here  shown  belted  directly  to  the  car 
axle.  It  is  obvious  that  the  readings  of  the  instrument  are  unaffected  by 
grades  or  side  tiltings  of  the  car. 

The  apparatus  may  be  made  self-recording  by  emi)loying  a  recording 
instrument  instead  of  an  indicating  (uie.  as  sliown  in  Fig.  VX  These  re- 
corders may  l>e  ol>tained  in  tiio  niarkct  and  arc  very  sensitive  and  reli- 
able. The  record  is  made  !>y  placing  a  pen  on  the  end  of  the  voltmeter 
pointer,  the  whole  licing  pullt»<l  down  upon  a  sIhh*!  of  paper  moving  at  a 
uniform   rate  of   motion   by   means  of   a   small    magnet   whose   circuit   is 
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closed  througb  battery  by  a  clock.    Tbe  record  Is  thus  made  automatlctUr 
and  needs  ao  correction. 

The  Bccelerometer  may  be  mnde  self-contained  and  Is  easily  tru» 
ferred  from  one  car  to  nnotber. 


Fig.  13. 


Before  closing,  the  ntitbor  wlsbes  to  express  bis  appreclatlou  of  th 
efforts  of  Messrs.  V.  C.  Weaver.  G.  T.  Sboemaker  and  E.  E.  ThcHnas.  meoi- 
bers  of  the  iiresent  Senior  Electrical  Class  at  Pnrdiie  UnlverBlty.  iriM* 
kindly  assistance  made  this  pa  iter  posalble. 

Purdue  University. 
Lafayette,  Ind. 
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Some  Notes  on  the  Strength  of  Concrete  Building 

Blocks. 


By  H.  H.  Scofielu. 


The  concrete  building  block  industry  is  rapidly  assuming  an  iini>ortant 
lM)sition  and  is  now  established  on  a  firm  basis  among  the  other  industries 
supplying  building  materials. 

Reinforced  concrete  Is  now  very  largely  used  and  seems  to  be  the 
liest  form  of  concrete  used  for  floors,  beams  and  columns,  but  the  concrete 
block  seems  to  be  the  form  of  concrete  most  adaptable  for  use  in  the 
walls  of  residences  and  other  buildings. 

The  industry  has  grown  so  rapidly  in  the  past  few  years  that  stand- 
ard s{>ecification8  for  their  manufacture  and  use  have  been  adopted  by 
the  National  Association  of  Cement  Users  and  by  many  cities  of  the 
United  States.  The  need  for  proper  specifications  was  brought  al>out 
mainly  on  account  of  the  large  number  of  inferior  blocks  placed  on  the 
market  by  irresponsible  manufacturers.  The  causes  for  this  are  various, 
such  as:  a  desire  for  higher  profits  brought  about  by  using  inferior  in- 
gredients; ignorance  as  to  the  best  methods  of  using  the  materials  at 
hiind,  careless  workmanship  and  improper  treatment  as  to  storage,  etc. 

The  specification  for  crushing  strength  as  called  for  by  most  specifi- 
cations Is  so  high  that  it  can  be  filled  only  by  the  best  methods  and  the 
best  material,  and  although  it  is  many  times  more  than  a  block  will  ever 
be  called  upon  to  stand  in  actual  use  in  a  wall,  yet  it  insures  a  block 
which  is  strong,  dense  and  thereby  water-proof,  with  clean-cut,  smooth 
edge8,  and  a  block  which  will  endure  for  ages. 

The  following  are  some  items  which  enter  into  the  making  of  good 
concrete  blocks: 

In  the  selection  of  a  cement,  a  maker  has  two  alternatives.  He  must 
either  use  a  first-class,  standard  brand  of  known  excellence,  or  he  may 
use  the  competitive  brands  on  the  market,  thereby  getting  lower  prices.  In 
the  latter  case,  he  should  have  each  shipment  sampled  and  tested  by  a  re- 
liable testing  laboratory. 

An  unsound  cement  may  not  show  up  till  the  block  is  in  the  wall  or 
for  years  after,  but  it  is  practically  inevitable  that  the  block  will  finally 
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crack  and  disintegrate.  Some  cement  companies  take  proper  precautions 
in  the  treatment  of  raw  materials  and  storage  of  the  finished  product, 
such  that  very  rarely  does  an  unsound  cement  leave  their  mill.  Other 
companies,  in  the  rush  of  business,  do  not  properly  mix  and  grind  their 
raw  material  and  finished  cement,  and  do  not  store  the  cement  long 
enough  for  the  hydration  of  the  free  lime  present.  These  are  conditions 
that  tend  to  place  more  or  less  unsound  cement  on  the  market  The  future 
of  the  concrete  block  manifestly  depends  to  a  great  extent  ui)on  the  use 
of  a  sound  cement. 

For  maximum  strength  in  concrete,  the  cement  must  be  finely  ground, 
but  fine  grinding  is  expensive  and  consequently  this  part  of  the  manu- 
facture is  often  slighted.  The  cement  should  also  be  slow  setting,  as  a 
cement  that  reaches  its  initial  set  in  two  or  three  hours  will  be  stronger 
at  the  end  of  seven  days  or  a  month  than  a  quicker  setting  cement  that 
reaches  its  initial  set  in  forty  or  fifty  minutes. 

The  cement  to  be  used  in  concrete  blocks  should  in  all  cases  pass 
the  specifications  of  the  American  Society  for  Testing  Materials. 

Too  frequently  the  reason  for  iK)or  concrete  is  ascribed  to  poor  cement, 
and  no  thought  is  given  the  other  materials  entering  in,  namely;  sand, 
gravel  or  broken  stone.  The  selection  and  proportioning  of  the  aggregate 
for  the  I>est  concrete  is  very  imiwrtant  in  the  building  block  industry.  It 
is  well  known  that  the  proiwrtions  of  cement,  sand  and  stone  which  will 
give  the  densest  mixture  of  concrete  will  also  give  the  highest  strength. 
It  is  also  recognized  that  a  rich,  dense  mixture  of  concrete  is  the  most 
nearly  waterproof  that  concrete  alone  can  be  made.  So  that  for  a  strong, 
water-proof  block,  it  is  important  that  the  cement  and  aggregate  be  prop- 
erly proportioned.  This  may  l)e  done  by  actual  trial  mixtures  to  deter- 
mine the  densest  concrete.  An  aggregate  containing  coarse  stones  and 
sand  has  greater  density  than  sand  alone  and  consequently  is  better  for 
use  in  concrete  blocks. 

According  to  Wm.  B.  Fuller,  an  eminent  authority  on  concrete,  the 
most  nearly  iierfect  gradation  of  sizes  of  particles  in  an  aggregate  may 
best  be  known  by  the  process  of  mechanical  analysis  and  subsequent  re- 
proportioning.  In  case  tlie  business  warrants  it,  sami)les  of  the  gravel 
should  be  submitted  to  a  reliable  testing  laboratory  for  mechanical  analy- 
sis to  determine  the  proper  projMirtioiJs, 
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A  dirty  grave!  or  one  that  contains  impurities  slionld  l)e  waslied.  This 
will  not  only  improve  tlie  stren);tli  of  tlie  concrete,  Init  will  malve  u  more 
uniform  and  desirable  color  for  the  flnishe«l  hloclv. 

It  is  now  agreeil  that  cement  hardens  by  a  i>roce8s  of  crystallization 
of  the  active  elements.  Water  must  be  jwesent  for  the  crystallizing  to  go 
on.  Therefore  it  is  necessary  that  the  proper  amount  of  water  be  used 
in  mixing  the  concrete.  This,  by  some  authorities,  is  from  8  to  18  per 
cent  Also  it  is  necessary  that  after  moulding,  the  bloclt  must  not  be 
allowed  to  dry  out,  as  no  subsequent  addition  of  water  will  give  ijer- 
fect  crystallization.  Some  makers  cure  their  blocks  in  a  steam  bath,  there- 
by Insuring  constant  moisture.  The  economical  value  of  steaming  con- 
crete blocks  is  a  subject  for  experiment  as  yet.  Most  si>eclflcations  limit 
the  time  after  making  at  which  blocks  may  be  use<l  in  the  wall,  so  that  the 
increasefl  speed  of  hardening  by  the  steam  process  is  not  so  important. 

The  si)ecification  for  crushing  strength  of  concrete  blocks,  in  most 
cjises,  is  1,000  pounds  i)er  square  inch  of  gross  area,  no  allowance  being 
made  for  the  hollow  spaces.  The  block  must  reach  this  strength  in  28  or 
.*^>0  days  after  making. 

The  city  of  Indianapolis  has  recently  adopted  specifications  for  con- 
crete building  blocks,  and  the  results  of  the  first  series  of  tests  for  the 
block  nmkers  of  that  city  by  the  Laboratory  for  Testing  Materials  of  Pur- 
due Tniversity,  indicate  a  chance  for  improvement. 

Of  75  tests  of  blocks,  supi)osed  to  have  been  made  under  the  specifica- 
tions, only  28  i)er  cent  passed  the  specification  for  crushing  strength,  and 
the  average  age  of  these  was  41  days  instead  of  30.  Similar  results  have 
no  doubt  been  found  in  all  cities  which  have  adopted  a  building  block 
ordinance.  However,  under  the  influence  of  these  somewhat  rigorous 
8i)ecifications,  it  is  to  be  expected  that  the  quality  of  the  product  on  the 
market  will  greatly  improve.  This  in  itself  will  strengthen  the  industry 
for  those  makers  who  are  content  to  manufacture  good  blocks  at  a  rea- 
sonable profit. 

Purdue  University, 
Lafayette,  Ind. 
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PoT.ARTZATTON    OF    CaDMIUM    CeLT^. 


By  U.  U.  Ramsey. 


While  working  on  another  problem  (Phys.  Rev.  Vol.  IC,  p.  105)  it 
was  noted  that  the  E.  M.  F.  of  a  cadmium  cell  was  greatly  decreased  and 
at  times  apparently  reversed  after  a  considerable  quantity  of  electricity 
had  passed  through  It 

To  investigate  tlie  cause  of  this  phenomenon  the  experiments  de- 
scril)ed  below  were  undertaken.  Work  of  a  similar  nature  has  been  car- 
ried out  by  F.  E.  Smith  (Phil.  Trans.  Roy.  Soc.  Lon.,  Series  A,  Vol.  207. 
p.  393)  ;  by  S.  J.  Barnett  (Phys.  Rev.  Vol.  18,  p.  104,  1904),  and  by  P.  I. 
Wold  (Phys.  Rev.,  Vol.  27,  p.  132,  1909).  However,  in  their  experiments 
the  time  of  iwlarization  was  comparatively  small,  the  attention  of  the 
investigators  being  directed  to  the  initial  polarization  or  to  the  rate  of 
rei'overy.  In  my  work  1  have  attempted  to  find  the  cause  of  this  polariza- 
tion. 

Cells  were  constructed  of  the  H  type  and  according  to  the  accepted 
fornmla  for  c»admium  cells.  The  chemicals  used  were  C.  P.  chemicals  of 
commerce.  With  ordinary  care  a  cell  could  be  obtained  whose  E.  M.  F. 
did  not  differ  more  than  .001  volt  from  the  standard  value.  Measurements 
of  E.  M.  F.  were  made  by  means  of  a  i)otentiometer.  At  times  where 
rapid  measurements  were  desirable  and  great  accuracy  was  not  necessary 
a  voltmeter  was  used,  the  readings  being  corrected  for  the  internal  re- 
sistance of  the  cell.  Current  was  measured  with  a  milliameter  and  time 
was  measured  with  a  watch.  At  first  it  was  thought  that  the  polarization 
was  a  surface  effect,  that  a  relation  existed  between  the  area  of  the  sur- 
face of  the  electrode  and  the  quantity  of  electricity  required  to  polarize 
a  cell  to  some  standard  amount.  Cells  were  made  with  electrodes  of  vari- 
ous diameters.  The  current  was  noted  at  stated  intervals,  so  that  the 
total  quantity  could  be  caluclated.  This  was  found  to  differ  in  different 
cells,  but  it  appeared  to  depend  more  upon  the  past  history  of  the  cell 
than  upon  the  electrode  surface  exposed. 

It  was  found  that  after  a  cell  has  been  polarized  once  and  has  re- 
gained its  normal  E.  M.  F.  again  it  required  less  quantity  of  electricity 
to  polarize  it  than  it  did  during  the  first  run.    A  cell  with  three  legs  was 
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made.  Two  of  the  leg«  were  filled  with  ineroiiry  ami  the  third  was  liiiwi 
with  cndiniiun  ainal^aiii.  i-onnection  was  made  to  the  amalgam  termhial 
and  to  one  of  the  mercury  terminals  and  current  i>}issed  until  tlie  cells 
were  polarlze<l.  Measurements  were  made  by  means  of  the  iK)tentiometer. 
and  It  was  fcmnd  that  the  E.  M.  F.  between  the  unpolarized  mercury  ter- 
minal and  the  cadmium  terminal  was  normal*  while  the  polarized  mercury 
terminal  gave  a  very  small  value,  showing  the  polarization  to  be  at  tlje 
mercury  terminal.  Measurements  were  made  between  i>olarized  cells  and 
uni)olarized  cells  by  connecting  the  two  cells  together  by  means  of  a 
siphon  filled  with  cadmium  sulphate  solution.  In  every  case  it  was  found 
that  the  polarized  mercury  terminal  gave  low  values,  while  the  polarized 
(nidmium  terminal  gave  normal  values  when  connected  to  unpolarized  mer- 
cury terminals,  never  deviating  more  than  could  be  explained  by  concen- 
tration and  temperature  effects. 

A  cell  (5)  was  short  circuited  for  some  days  and  part  of  the  mercury 
was  removed  with  a  pii^ette,  washed  and  filtered  through  a  pinhole  and 
made  the  mercury  terminal  of  a  new  cell  (<5)  from  which  the  mercunm: 
sulphate  was  omitted.  The  E.  M.  F.  was  measured  from  time  to  time 
and  the  recovery  noted.    The  following  table  gives  the  results. 


March 

March 

March 

March 

March 

March 

March 

May 

June 

August 


9,  5:15  p.  m 
10,  9K)0  a.  m. 
10,     3:45  p.  m. 

12,  9:20  a.m. 

13,  10:15  a.m. 

14 

15 

14 

8 

28 


September  24. 


E  M.  F. 


(5) 


(«) 


0.1308 

.1320 

.13fV3 

.1488 

.1675 

1.0222 

1.0242 

1.0146 

1.0177 

1.0180 

1.0150 


0.1290 
.1397 
.1310 
.1330 
.1322 
.1317 
.1335 
.0691 
.0533 
.0687 
.0tf2 


The  above  table  shows  that  cell  (5),  which  contained  mereuroos  sul- 
phate, recovered  its  E.  M.  F.  in  a  few  days,  while  (6)  remained  polarized 
for  six  months.  The  results  show  the  E.  M.  F.  in  March  to  be  greater 
than  the  later  values.  This  may  be  due  to  the  cadmium  sulphate  solutioo 
not  being  concentrated  in  the  early  observations  or  to  some  constant  error 
of  the  potentiometer.     The  table  shows  that  the  polarization  is  doe  to 
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something  in  the  mercury  which  can  not  be  washed  or  filtered  out.  But 
is  removed  by  mercurous  sulphate.  The  mercury  from  cell  (6)  was  taken 
out  and  placed  in  a  tube  and  sparked  by  a  large  electric  machine.  Cad- 
mium lines  were  very  distinct  in  the  spectrum.  Thus  it  would  seem  that 
ixtlarization  is  caused  by  cadmium  l)eing  dei)osited  in  the  mercury  and 
that  the  recovery  is  due  to  the  removal  of  the  cadmium  by  the  mercurous 
sulphate. 

Indiana  University, 
Bloomington,  Ind. 
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An  Investigation  of  a  Point  Discharge  in  a  Magnetic 

Field. 


By  Oscas  Wiijjam  Silvey. 


Since  the  announcement  of  the  magnetic  deflection  of  the  electric  arc 
and  of  the  path  of  the  particles  of  a  vacuum  tube  discharge,  there  has 
been  some  investigation  of  the  electric  discharge  in  a  magnetic  field  at 
atmospheric  pressure. 

Among  the  first  of  these  investigations  was  that  of  Precht,*  who  found 
that  when  a  spark  passed  transverse  to  the  lines  of  force  in  a  magnetic 
field,  between  a  point  anode  and  a  blunt  cathode,  there  was  a  deviation 
of  the  path  of  the  spark,  especially  froni  the  middle  portion  of  the  spark 
gap  to  the  cathode,  the  spark  increased  in  brightness,  and  there  was  a 
decrease  in  the  fall  of  potential  between  the  electrodes.  Also,  if  the  elec- 
trodes were  separated  farther  until  a  brush  discharge  existed  between 
them,  the  stream  showed  a  deflection,  the  potential  between  the  points 
decreased,  and  the  brush  often  changed  into  a  spark  discharge,  when  the 
electro-magnets  producing  the  field  were  excited.  In  case  of  the  glow  dis- 
charge, where  there  existed  a  small  brush  at  the  anode  and  a  bright  spot 
on  the  cathode,  with  the  intervening  space  dark,  the  spot  moved  up  or 
down  according  to  the  electrodynamic  laws,  when  the  field  was  mag- 
netized first  in  one  direction  and  then  in  the  other. 

In  case  a  point  cathode  was  used  with  a  blunt  anode,  the  spark  was 
deflected  and  the  potential  raised,  when  the  magnet  was  excited  the  spark 
discharge  being  often  changed  to  a  brush. 

*H.  E.  Schaeffer  has  recently  studied  the  effect  of  the  magnetic  field 
on  the  spark  discharge  of  an  induction  coil  in  each  of  the  following  tyi>es 
of  spark: 

"1.  The  spark  obtained  when  neither  capacity  nor  self-induction  had 
been  introduced  into  the  secondary  circuit  of  the  induction  coil. 

"2.  The  spark  obtained  when  a  capacity'  of  0.005  to  0.012  microfarads 
had  been  introduced  into  the  secondary  circuit. 


»J.  Precht,  WIed.  Annalcn   (66-4,  pp.  676,  697),  1898. 

2H.  E.  Schaeffer,  Astro-Physical  Journal  (28,  pp.  121-149),  Sept.,  1908. 
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'^.    The  fcr-nrk  r^HiiiDed  when  a  '-aicac-itT  of  .0005  to  .012  M.  F.  and 

:i  •*'lf-irj^lo''ti'>n  ««f  ••.•jiC;  Ij^rfirr*  ^^^  f^f^i  iDir*:«ln«"*^l  into  the  wcoodairT 
Hr'-iiit." 

In  thi«  vtivly  it  was  frniiid  that  ''when  the  maznetie  field  was  parallel 
Vt  fb*?  «p»rk  lengtij.  the  first  tjiie  f»f  sfinrk  presenteil  two  sheets  of  va|>or 
in  tU^  forto  of  fqiirals.  to  a  field  at  rizht  angles  ti*  the  sixirk  leni^  this 
vai^fT  \h  in  the  form  of  two  j9enii<-iri:-alar  sheets,  one  being  oq  each  M^e 
of  tlie  fcfiark  gap  in  a  plane  r*iT*«»dlfTiIar  to  the  direction  of  the  magrnetio 
fiekl. 

•*ln  the  seer^nd  tjT»e  of  ^fiark  i  if  the  caiiacity  did  not  exceed  .002  M.  F.  i 
and  in  the  third  tyjie  brilliant  spiral  threads  in  a  parallel  field  and  bril- 
liant i-iniibir  threads  in  a  transverse  field  trK>k  the  plai^  of  the  sipiral  and 
Hrriihir  sheetH  resjie<^lively.  In  the  first  and  second  types  of  spark  the 
bnndlf*  r»f  threads  acn^ss  the  gap  ''ould  not  be  defiected  by  a  magnetic 
field  of  12.0CKI  gjiu*«<es.  In  the  third  type  the  metallic  vapor  and  the 
flinf^idx  suTirtw  the  g<';|»  were  deflected  in  a  very  stroi^  field  and  in  a  man- 
ner anak^ons  to  that  of  the  circular  and  spiral  threads.  Reversing  the 
direr-tir>n  of  the  magnetic  field,  or  that  of  the  current  through  the  primary 
of  the  induction  froil.  changes  the  i»osltion  of  the  sheets  and  of  their  ends. 
I>efTeaMing  the  current  through  the  primary  or  lengthening  the  spark  gap 
HufTK-ieiitly,  cauws  one  sheet  or  one  set  of  threads  to  disappear." 

'Hie  different  parts  of  the  deflei'to<l  s|>nrk  were  analyzed  by  the  si)ee- 
lromf*i>e,  and  it  was  found  that  the  "Circular  sheet  of  the  first  type  of 
K|»Hrk  gave  a  sfKH-tmin  of  nitrogen  hands,  while  the  central  threads 
HhowcMl  that  of  the  metal  lie  lines  and  the  air  lines.  The  second  type  gave 
the  same  Ki)e<'tnini  of  bright  air  lines,  ainl  fainter  metallic  lines,  for  b>th 
HnMilar  threads  and  c<»ntral  threads.  The  third  type  showed  the  same 
HiKMtruni  (air  lines »  for  ::I1  metals  used  as  electrodes.  The  spectrum  of 
the  r'Ircular  tiireads  sliowe<l  the  arc  lines  in  addition  to  the  air  lines." 

liy  means  of  a  rotating  nnrror.  tlic  vehx-ity  of  the  circular  threads  of 

the  H|>ark  was  detcrmin<'<l.  and  from  this  a  value  for      _  calculated. 

M 

I*rof.  A.  L.  Foley'  ]>assed  transversely  thr<mgh  a  long  tulie  whidi 
h<tv<h1  as  a  |>inhole  camera  an  electric  discharge  and  observed  that  when 
a  |iliotogra]>liic  plate  was  jiiaced  at  the  oj>p<»site  end  of  the  tube  from  the 
pinlioie.   the  filatc  after  exposure  slmwed   a   sluidow   picture  of  a   8trea;i 

*  Not  yvt  piihlfxlicfl. 
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between  the  points  which  were  used  as  electrodes.  The  picture  of  this 
stresnu  was  surrounded  by  interference  or  diffraction  fringes,  In  some  ways 
resembling  the  fringes  about  the  solid  points  themselves. 

The  principal  object  of  the  present  investigation  was  to  study  the 
effect  of  a  magnetic  field  upon  this  stream  and  to  study  the  character  of 
the  particles  composing  it. 

The  apparatus  used  was  that  constructed  by  Prof.  Foley  and  Mr. 
Ilaseman  for  the  investigation  of  interference  fringes  alxmt  a  i)oint  dis- 
charge, air  streams,  and  vajjor  strejims.  It  consisted  of  a  wooden  tube 
r..S7  meters  long  (Fig.  1).  One  part  20.3x20.8x230  cm.  was  made  to  tele- 
sr«»i>e  over  annthor  part  15.2xir».2x457  cm.  This  provided  a  means  of  sepa- 
rating the  two  parts  for  adjusting  the  points  and  magnets.  Another  i>ortion 
(E.,  Figs.  1  and  3)  containing  a  i)late  holder  (F)  was  made  to  fit  over 
tlio  end.  The  tube  was  painted  a  dead  black  inside,  and  at  intervals 
s<Teens  (Fig.  !))  were  placed  throughout  the  tube  so  that  no  light 
would  l)e  reflected  from  the  sides.  An  opening  was  made  in  the 
lower  side  of  the  tube  beneath  the  points  and  through  this  opening 
a  magnet  was  introduced  so  that  the  lines  of  force  were  per- 
pendiiiilar  to  the  direction  of  the  line  of  discharge.  During 
the  latter  part  of  the  experiment  a  similar  opening  was  cut  in  the 
top  of  the  tube  and  a  second  magnet  placed  above  the  first  one  so  that  like 
poles  faced  each  other.  Figs.  4,  5,  6  and  8,  show  the  successive  attempts 
to  increase  the  field  strength.  The  end  of  the  tube  (C)  was  closed  by  a 
cai)  which  shut  out  all  light  except  from  a  pin  hole,  as  shown  by  Fig.  2. 
A  circular  disc  with  holes  of  various  sizes  provided  a  means  of  regulating 
the  amount  of  light.  A  is  a  90"  arc  lamp,  the  crater  of  which  is  foiiissed 
on  the  pin  hole  by  the  lens  B. 

Light  was  shut  out  of  the  tube  by  placing  a  piece  of  black  card  board 
in  front  of  the  pin  hole.  When  a  photograph  was  to  be  taken,  if  the  dis- 
charge was  a  silent  or  brush,  the  slide  (S)  was  drawn  from  over  the 
plate,  and  after  the  tube  had  come  to  rest,  the  card  board  was  removed 
until  the  plate  was  sufl^ciently  exjmsed.  In  case  of  the  s])ark  discharge 
which  fogged  the  plate  if  exiK>sed  too  long,  the  card  board  was  first  re- 
moved and  the  exi)osure  made  by  withdrawing  the  slide. 

The  i)oints  first  used  were  made  of  sharply  ix>lnted  brass  pins  0.6J 
ram.  in  diameter  and  3  cm.  long.  In  the  latter  part  of  the  experiment 
the   brass   pins   were   replaced   by   steel    millinery   needles   0.70  mm     in 
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diameter  ami  5.:*  eiu.  long.  They  were  soldered  into  the  ends  of  brasx 
rods  0.5  cm.  in  diameter.  The  rods  were  placeil  in  glass  tubes  and  held 
tinn  by  sealing  wax  at  the  two  ends  of  the  tubes.  The  points  wei'e  chargeil 
by  means  of  a  four-miea-plate  Wagner  static  machine  (the  I^eyden  jars 
had  t)€en  removed),  which  was  run  by  an  electric  motor  with  a  rheostat 
in  circuit  for  regulating  the  speed.  The  rods  extended  through  the  sides 
of  the  camera  as  shown  by  (P)  Fig.  1,  so  that  the  points  were  near  its 
axis.  The  points  were  about  15.5  mm.  apart  for  the  first  three  series 
of  photographs  and  about  17  mm.  apart  for  the  last  four  series. 

For  the  first  series  of  photographs  the  magnet  extended  through  the 
lower  side  of  the  tube  directly  below  the  points  and  was  placed  so  that 
the  tops  of  the  pole  pieces  were  about  0.5  cm.  below  the  points.  When 
the  separable  pole  pieces,  Fig.  7,  were  used  they  were  covered  with  a  layer 
of  sealing  wax  about  3  mm.  thick  on  all  sides  except  the  one  facing  the 
magnet  cores,  to  prevent  sparks  passing  to  the  magnet  from  the  points. 

As  a  preparation  for  the  exi)eriment  the  simpler  part  of  Precht's  work 
was  repeated  (i.  e.,  apparatus  was  set  up  containing  one  |>oint  and  one 
blunt  electrode  in  the  same  position  shown  by  the  points  in  Fig.  6).  The 
deflection  of  spark,  brush  and  glow  discharge  were  easily  observed  in  a 
semi-darkened  room  when  a  transverse  field  was  produced  by  exciting  the 
magnets.  Some  cases  w^ere  observed  in  which  the  discharge  was  trans- 
formed from  one  type  into  another,  but  no  measurements  were  made  of 
the  potential,  nor  determination  made  of  the  signs  of  the  charge  on  the 
r>oints  to  see  if  they  accorded  with  the  results  given  by  Precht. 

Tlie  magnets  and  i)oints  were  then  placed  in  the  tube  as  described  and 
IJhotographIc  records  made  of  the  discharge.  The  silent  discharge  was 
first  studied.  To  produce  the  magnetic  field  a  permanent  horseshoe  mag- 
net was  first  used,  and  although  it  was  strong  enough  to  blow  out  the  arc 
of  an  arc  lamp,  the  photographs  taken  showed  no  deflection  of  the  stream. 
It  was  then  replaced  by  an  electro-magnet,  Fig.  5,  later  \x)\e  pieces.  Fig. 
7,  were  placed  as  shown  in  Fig.  6,  and  finally  two  electro-magnets  placed 
in  opposition,  Fig.  8.  in  attempts  to  produce  a  field  sufficiently  strong  to 
defle<*t  the  stream.  The  magnets  were  weak  compare*!  with  those  used 
by  Precht  and  H.  E.  SchaefTer.  The  field  measured  only  about  1,000 
gausses  as  used  in  Figs.  5  and  G.  and  only  about  1.500  gausses  as  used  in 
Fig.  8.  None  of  the  photographs  taken  of  the  silent  discharge  showed  any 
deflection  when  the  magnets  were  excited. 
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Seven  series  of  photographs  were  then  taken. 
A — Is  a  visible  spark  discharge. 

B — Is  a  Brush  discharge  (a  violent  stream  extended  about  0.8  cm. 
from  the  positive  point.  The  negative  point  showed  only  a 
bright  speck). 
C— The  glow  or  silent  discharge.  (Nothing  was  visible  between  the 
points  in  the  darkened  tube.  Each  point  showed  a  bright 
speck.) 
D_Spark  discharge  representing  the  highest  speed  of  the  machine 

and  highest  potential  between  the  i>oint8. 
E — Spark  discharge,  representing  the  lowest  speed  of  the  machine  at 
which  a  visible  spark  passed  between  the  points.    A  l<wer 
speed  would  have  (raused  the  si)ark  to  change  to  brush. 
F — Silent  discharge,  same  as  C. 

(} — Silent  disohnrge.  same  as  C.  Defle<»ted  by  a  stream  of  air  Issu- 
ing from  below  the  points. 
The  different  series  in  decreasing  order  of  their  potential  as  re|»re- 
sented  by  the  relative  sjjeed  of  the  machine  are  D,  A.  E.  B  (C,  F  or  G). 
Series  A,  B  and  C  were  taken  with  magnet  and  pole  pieces  as  represented 
in  Fig.  (>.  Tlie  magnetic  field  strength  was  about  1,000  lines  per  sq.  cm. 
in  the  region  of  the  points.  The  i>oints  were  15.7  mm.  apart.  Series 
D,  E  and  F  were  taken  with  the  magnets  as  shown  in  Fig.  8.  The  mag- 
netic field  strength  in  the  neighlM>rliood  of  tlie  points  was  about  1,500  lines 
per  s(i.  an. 

The  six  numbers  of  each  series.  A,  B.  C.  D,  E  and  F,  were  taken  in 
succession  as  rapidly  as  possible,  it  retpiirlng  20  or  30  minutes  to  complete 
the  series.     In  the  photograph  tiie  longer  stream  is  the  one  from  the  posi- 
tive terminal  and  the  shorter  one  the  stream  from  the  negative  electrode. 
If  the  positive  stream  is  from  right  to  left  it  is  desigimted  as  "first  dlrw- 
tion,"  if  from  left  to  rigiit,  as  •*secon<l  direction."     Nos.  1,  2  and  3  then 
show  current  in  tlie  "first  direction."  while  Nos.  4,  5  and  6  show  current 
in  the  "second  direction."     If  the  magnets  were  excited  so  that  tlie  dire*-- 
tion  of  tlie  lines  of  force  wore  from  the  front  to  the  back  of  the  ph<»tognipb 
(i.  e..  after  correcting  for  the  reversal   in  diret^icm  caused  by  printing 
from  the  piate),  the  direction  of  magnetism  is  designated  as  "first  dlrec^ 
tion,"  and  those  with  tlie  lines  of  force  from  l)ack  to  fnmt  of  the  page  are 
designated  as  magnetized  in  tlie  "second  directi<m." 
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Following  then  this  plan,  No8.  1  and  4  show  the  current  when  the 
niii;:uets  are  not  exelte<l.  Nos.  2  and  5  show  the  current  In  a  field  of  the 
"tirst  direction,"  and  Nos.  8  and  <>  show  It  in  a  field  of  the  "se<*ond  direc- 
tion.*' It  may  be  observed  from  the  iihotographs  that  the  streams  in  series 
A,  B,  D  and  E  are  deflected  as  if  they  were  flexible  (Hmductors  bearing  a 
current,  in  so  far  as  direction  of  deflection  is  concerned,  thus  indicating 
that  the  stream  is  one  of  charged  particles. 

But  some  characteristics  of  the  photographe<l  stream  are  hard  to  ex- 
plain on  the  theory  that  the  air  is  ionized  and  that  tlie  stream  consists  of 
charged  i>article8.  The  glow  discharge  and  the  negative  stream  in  all 
cases  show  no  deflection  in  a  field  of  1,500  gausses.  Also  the  stream  goes 
in  a  straight  line  after  leaving  the  point  instead  of  following  a  curved  path 
to  the  opi)osite  electrode,  and  there  seems  to  be  no  connection  or  joining 
of  tlie  negative  and  positive  streams.  In  some  ways  it  acts  as  the  air  and 
vafmr  streams  investigate<l  l>y  l*rofes8or  Foley  and  Mr.  Haseman.  In 
case  of  the  silent  discharge,  where  the  machine  was  run  at  its  lowest  possi- 
l>le  si)eed  and  the  iwtential  was  the  lowest,  the  stream  retains  the  same  size 
as  far  as  it  can  be  traced.  In  series  B  there  is  not  much  change  in  the 
width  of  the  stream.  Series  E  shows  the  stream  growing  broader  as  the 
distance  increases  from  the  electrode.  Series  A  shows  a  still  greater 
l)roadening  and  I)  an  even  greater  disi)er8ion.  The  greater  pressure  in 
the  strenm  no  doubt  accompanies  the  greater  ]N>tentiaI  difference,  and 
therefore  accompanies  the  greater  disi>ersIon  of  the  stream,  as  was  shown 
to  be  true  in  case  of  air  and  vapor  streams  by  I*rofessor  Foley  and  Mr. 
Ilnsenian.  Series  E  and  B  show  a  greater  deflection  than  any  other  series, 
and  since  B  was  the  highest  potential  brush  discharge  and  E  the  lowest 
ptitential  spark  discharge  which  could  be  obtained  without  a  transforma- 
tion of  the  tyi)e  of  discharge,  the^e  few  photographs  indicate  that  the  great- 
est magnetic  deflection  is  produced  when  the  discharge  is  on  the  verge  of 
changing  fnmi  one  tyi)e  into  the  other.  Enough  photographs  were  not 
talvon  to  verify  this,  however. 

It  will  be  obsen'ed  in  Nos.  1  and  4  of  the  series  E  that  the  stream 
does  not  always  pass  along  a  line  directly  between  the  points,  even  when 
the  discharge  takes  place  outside  a  magnetic  field.  In  the  observations 
made  such  cases  were  in  a  minority,  the  discharge  as  a  rule  passing  di- 
rectly between  the  points  or  nearly  so.  The  cause  of  its  deviation  In  these 
few  cases  was  not  learned. 
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Al^u^  very  nfteii  wIuMi  a<ljustlii^  tlie  hikhhI  to  obtnin  photoin^phs  for 
scM'ios  n  niKl  K  the  <1is(*linr^e  would  cluing  from  one  tyjte  to  the  other 
when  the  niii^iiets  were  excited.  Prei^ht  found  thnt  thi8  was  the  case, 
but  these  <»bserviiti<nis  ean  hardly  [ye  (*ompared  with  his,  since  point  elec- 
trodes were  us(hI  in  tliis  case,  while  he  used  one  i>oint  and  one  blunt  elec- 
trode. In  all  cases  observed  where  a  change  occurred.  If  a  bmah  dis- 
charge in  a  nonniafrnetic  field  ]>assed  above  or  below  a  line  directly  be- 
tween the  ]H»iuts  as  shown  by  the  simrk  discharge  E,  1  and  4,  and  the  mag- 
nets were  exciteil  to  detlect  the  stream  in  such  a  way  as  to  make  the  path 
ol  dischar;re  shorter,  it  changtHl  to  a  spark  discharge.  Or  If  a  i^mrk  dlB- 
charge  passinl  directly  l>etween  the  ]M»int8  and  was  deflected  it  changed 
to  a  brush.  In  all  oltserved  cases  ({possibly  25  or  30)  the  transformation 
could  be  expiainc><l  by  the  change  of  distance. 

The  series  <;  sliows  the  elTe<'t  (►f  an  air  current  on  the  path  of  dis- 
charge. Tlie  air  current  was  le<l  into  the  nunera  through  the  bottom  side 
l>y  means  of  a  glass  tuU^  2.25  cm.  in  diameter  so  that  the  mouth  of  the 
glass  tube  was  2.2  <*m.  Ik^Iow  the  points,  and  flowed  at  the  rate  of  about 
1.2<H>  c.  c.  |>er  si»cond.  Nos.  1  jind  ti  sliow  the  discharge  without  the  nir 
current.  an<l  Nc^s.  2  and  4  show  deilectlon  by  the  air  current.  It  differs 
from  the  det1e(rtion  producnl  by  the  magnetic  field  in  that  the  greater  de- 
tle<*tion  here  is  witli  tlie  negative  stream.  This  indicates  that  the  pressure 
is  not  as  great  in  the  negative  stream  as  in  the  i>ositive,  which  agrees  with 
the  work  of  'S.  Arrhenius.  who  measiireil  the  torsion  produced  by  a  sus- 
pended wire  cross  witli  points  bent  at  riglit  angles  to  point  in  the  same 
diretiinn  and  f(>un<l  tliat  the  torsion  lUMduced  by  the  negatively  charged 
wire  was  less  thin  tlie  ]>ositively  cliarged  wire,  which  was  more  dearly 
sliuwn  tlie  Inwer  tlie  potential.  (Note — It  was  intende<l  to  show  a  photo- 
graph witli  current  in  second  direction.  deflecte<l  by  an  air  current,  O  4, 
which  slmiild  liave  shown  this,  shows  a  current  in  the  same  direction  as 
<i  2,  whicli  was  due  t«>  a  reversal  of  polarity  of  the  machine.  The  error 
was  m.t  «»l>sei*ve(l  until  tlie  apparatus  was  turn  down.) 

Series  M  sliows  photographs  of  the  points  when  the  poles  of  the  ma- 
iliine  were  ]»la«-«»<l  <iose  enough  tor  a  spark  to  pass  l»etween  them.  It  was 
found  t!iat  when  a  spark  passed  betw(»en  the  poles  of  the  machine  there 
was  a  vinlct  stream  (brusiu  betwiHMi  tlie  points.  This  violet  stream  did 
not  usually  pass  directly  fr..m  one  point  to  tlie  otlier,  but  was  curved  with 

'8.  Arrhenius  (Aniial.  Pliys.  Choin.  <>:{.  pp.  :{0.-,-;n:iL  1S07. 
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the  two  ends  connected  to  the  needles,  not  always  at  the  poUits.  When 
the  magnets  were  exciteil  there  was  no  deflection  observed  in  a  field  of 
1,500  gausses.    The  photograi)hs  taken  show  nothing  between  the  points. 

Before  putting  on  the  cap  containing  the  plate  to  take  the  photographs 
in  series  D  a  pencil  drawing  was  made  of  the  general  form  of  each  spark 
as  seen  from  the  end  of  the  tube.  Fig.  10  is  a  blue-print  taken  from  these 
drawings,  which  shows  that  the  direction  of  the  si>ark  as  it  leaves  the 
electrode  has  the  same  direction  as  the  i)hotographed  stream. 

The  width  of  tlie  streams  was  measured  in  the  proximity  of  the  i)oint 
with  a  micrometer  microscope,  and  it  was  found  that  the  width  was  inde- 
pendent of  the  potential  l)etween  the  iwints.  The  measurement  was  made 
l>etween  the  outer  edges  of  the  central  dark  band.  It  will  also  be  noticed 
in  series  D  that  the  negative  stream  is  almost  as  plain  and  almost  as  long 
ns  the  positive  stream. 

The  photographs  of  series  E  show  i)lalnly  the  interference  fringes  as 
described  by  Professor  Foley.  Althou.i;h  no  si>ecial  pains  were  taken  to 
show  these  fringes  in  any  of  the  work,  one  or  two  can  be  seen  on  each 
l>hotograph. 

SUMMARY  OF  RESULTS. 

1.  The  positive  stream  between  the  points  for  a  spark  or  brush  dis- 
charge was  deflected  by  a  magnetic  field  as  low  as  1,000  gausses,  the  direc- 
tion of  deflection  being  in  accordance  with  electro-dynamic  laws. 

2.  The  stream  for  glow  discharge  and  the  negative  stream  in  any  case 
were  not  detiected  by  a  field  of  1.500  gausses. 

ti.  The  direction  of  the  jihotograpbed  stream  for  a  spark  dis(»harge 
as  it  leaves  the  point  is  the  same  as  the  visible  direction  of  the  spark. 

4.  The  size  of  the  stream  at  tlie  points  is  indeiiendent  of  the  potential 
i)etween  the  points. 

5.  The  stream  was  deflected  by  an  air  current,  the  negative  being  de- 
flected more  than  the  i)ositive. 

G.  The  stream  for  the  high  i)otential  si)ark  increased  in  width  as  the 
distanc*e  from  the  point  increased,  while  the  stream  for  the  glow  discharge 
retained  its  original  size  as  far  as  it  could  be  trace<l. 

7.  Some  of  the  data  indicate  that  the  stream  photographed  is  <me 
of  the  ionized  air  particles,  the  stream  as  a  whole  having  an  index  of  re- 
fraction different  from  tliat  of  the  surrounding  air,  due  to  its  pressure. 

[16—23008} 
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If  this  is  the  ease,  however,  the  silent  discharge  stream  and  the  negative 
stream  should  have  been  deflectwl  also.  This  might  iiossibly  be  dnne  with 
a  stronger  field.  Also,  the  stream,  if  it  consists  of  charged  particles,  should 
terminate  on  the  oi)i)oslte  electrode,  which  is  very  seldom  the  case. 


The  above  Investigation  was  suggested  by  Professor  Arthur  I-  Foley 
of  Indiana  University.  I  wish  to  thank  him  and  Professor  R.  K.  Unniw.i' 
for  their  helpful  suggestions  during  the  course  of  the  investigation. 

Physics  Tjaboratory  of  Indiana  University. 
Hloomington,  Ind. 
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The  Tenacity  of  Gelatine. 

[Publication  No.  35.] 


By  Arthur  L.  Foley. 


Some  years  ago  the  author  called  attention  to  the  fact  that  the  co- 
hesive forces  of  gelatine  must  be  considerably  greater  than  those  of  glass 
in  order  that  a  single  drop  of  gelatine  in  drying  and  contracting  on  a  glass 
plate  may  pull  a  ring  or  disk  of  glass  from  the  plate.*  The  forces  here 
exhibited  are  apparently,  greater  than  shown  in  the  common,  though  not 
well  known,  process  of  producing  chipped  glass  by  flowing  a  pane  of  glass 
with  gelatine  and  allowing  the  gelatine  to  dry.  Inasmuch  as  the  author 
could  not  find  in  any  of  the  literature  at  hand  any  recorded  values  of  the 
tensile  strength  of  gelatine,  he  requested  one  of  his  students  to  attempt 
to  determine  its  value.  Several  plans  were  tried,  the  one  giving  the  best 
results  being  as  follows: 

Gelatine  threads  were  drawn  out  between  the  ends  of  small  wooden 
sticks  (about  the  size  of  a  match)  after  dipping  one  end  of  eacli  in  melted 
gelatine.  The  diameter  of  a  thread  was  varied  by  varying  tlie  size  and 
temijerature  of  the  gelatine  drop,  the  thickness  of  the  fluid,  the  length 
of  the  thread  and  the  time  spent  in  drawing  it  To  the  other  end  of  the 
w<x)den  sticks  there  had  been  attached  previously  small  wire  hooks  for 
susi>ending  the  upper  end  of  the  threads  and  for  attaching  a  small  cloth 
sack  to  the  lower  end.  Into  this  siick  dust  shot  were  slowly  run  until  the 
thread  broke.  The  cross-section  of  the  thread  was  then  measured  at  the 
point  of  break. 

When  the  section  of  a  thread  was  regular  its  cross-sction  was  cal- 
culated from  the  diameters  measured  by  a  micrometer  niicroscoi^e.  Threads 
of  irregular  cross-section  were  placed  under  a  microscope  with  a  camera 
lucida  attachment  and  a  tracing  made  of  the  perimeter.  The  area  of  the 
tracing  was  measured  with  a  planimeter  and  the  area  of  the  section  of 
the  thread  itself  calculated  from  the  known  magnifying  power  of  the 
microscoi>e  and  attachment. 

When  glass  threads  are  drawn  they  are  usually  almost  cylindrical. 
Gelatine  threads  also  are  probably  approximately  cylindrical  at  the  time 


>  Note  on  th^  Molecular  Forces  in  Gelatine.     Science,  Vol.  23,  p.  790,  May  18, 
)906. 
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of  drawing,  but  they  are  not  so  after  hardening  and  drying.  The  crow- 
seetion  usually  becomes  quite  irregular.  This  indicates  a  condition  of 
internal  strain  which  acts  to  lower  the  brealcing  strength  of  the  thread. 
Coarse  threads  would  be  subject  to  greater  strains  than  fine  threads,  and 
therefore  we  sliould  expect  them  to  show  a  smaller  tensile  strength  than 
the  fine  threads.  This  is  in  accord  with  the  results  of  exiieriment  tf 
shown  by  the  data  of  Table  I. 

TABLE  I. 


Cross  Section  in 

BrcakinK  Strength 

Tcmiile  Strengtii  in 

sq.  mm. 

in  grams. 

ICgni. 

per  8q.  cm. 

.000835 

27.6 

3.305 

.000919 

21.5 

2,340 

.001002 

21.1 

2.106 

.001334 

37.2 

2,778 

.001670 

35.0 

2.096 

.002610 

58.2 

2.230 

.004524 

96.5 

2.133 

.006729 

138.1 

2.052 

.013920 

211.4 

1.519 

.035900 

400.1 

1.114 

.130300 

800.0 

614 

.264900 

2,850.0 

1.076 

.608900 

5.600.0 

919 

1.709200 

6.100.0 

357 

rnn.**much  as  the  error  in  measuring  the  breaking  strength  of  any  ptr- 
ticular  thread  was  relatively  small  and  all  strains  tended  to  decrease  that 
strength  as  measured.  T  have  inchide<l  in  Table  I  only  maximum  reading*: 
that  is.  readinjrs  which  gave  the  greatest  values  of  the  tensile  strength  for 
the  several  sizes  of  threads.  Average  readings  gave  results  some  twenty 
per  cent  lower. 

Curve  A  of  Fig.  1  is  a  plot  of  some  of  the  individual  maxiraum  read- 
ings of  Table  I.  It  will  be  ol>serve<i  that  the  measured  tensile  strength  In- 
creases very  rapidly  as  the  threads  are  made  thinner.  A  similar  increaae 
takes  place  in  wires  and  glnss  threads,  and  is  attributed  to  a  **skln  effect" 
This  increase  is  shown  in  Cune  B.  Fig.  1,  which  represents  the  resoltaob- 
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hy  tbe  Dietliotl  already  deBcrlbeil.    Tbnt  thp  Incrense  In  the  caee  of  glasH 

threads  was  due  in 

|iiirt  only  to  the  "skin 
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by   the  fact  that 

the    tensile    strength 
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the  tlireiKlH.  Tills  wan 
ilonc  by  iDingine  the 
thretidK  In  a  vertl- 
i-iil  Iron  tube  with  a 
small  weight  at- 
taehed  to  the  lower 
end  of  enub  thread 
to  keep  it  straight 
The  entire  tube  was 
llien  bniuijht  to  a 
teuii>eruture  slightly 
iH>l(iw  tbe.  melting 
|>olnt  of  glass  and 
niiilntsined  at  that 
teniiverature  for  one 
hour,  lifter  which  il  w 
rounding  it. 

,\n  iitteuijit  WHS  iiiiide  to  anneul  the  uelutlni 
In  n  uinlHt  atiu<w|ihere  In  an  enameling  nven.  ' 
were   trieil   with  little   |>erninnent   Pffeft  on   the 
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llowpil  Id  <iH)l  slowly  in  tlie  artliestos  jnc'ket  s 
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I  veil  teniiieratures 

The  author   tn- 

i-lines  to  the  vieiv  that  the  ■■skin  effect'  does  nut  iin-oiiiit  for  the  liirger 
vnhieK  of  the  tensile  stR'ngth  shown  l)y  the  thier  itelatlne  threads,  but  that 
It  is  dne  cliieHy  to  the  eiiuse  iilr<>a<ly  suggested— the  j^reiiler  imlfiirnilty  In 
rhe  Oner  threads. 


'Mr, 


Thfi  hlffltnrt  rnlim  nf  tlw  ipnitlle  ftmrlb  obtained  for  ^lan 
WM*  U.'i^  klfiiffraniH  fMir  winare  'KDtimMvr.  wliik  tbe  maslmain  for  gela- 
rinf  lhr>f«i'bi  wsm  .VVfi  kll<«rHinK  per  xijuare  centimeter  It  is  evident  tbat 
flwmr  ral(Kr«  i^ntior  rvrfirvHent  tJie  troe  raiuen  «r  tlie  reiatlve  values  of  tlw 
tfrini-lty  of  kIb""  ni"!  x*^'"tine.  It  mar  !m*  that  tlie  iDtemal  strains  set  up 
In  tin-  Ki'latltK!  thrftaflx  were  muh  that  the  teiwile  xtreiiKtbs  as  detertnlaed 
111  ItilM  f([ieriinent  were  alwayn  too  l<>w.  Or  It  may  t>e  that  tbe  "«blD 
(■flTfv-t"  In  KlauM  ttiivnilH  gave  values  far  l>e.vi>nil  tiie  tenacity  of  glaaa  in  a 
ttldtc,     Ftirllifi-  cxiinrliiK-ntH  nlong  thin  line  are  in  progress. 

Till-  Hiri'iiKtIi  '<t  thf  Relatlne  tlireailH  wax  found  to  ioorease  for  a  few 
FioiiM  nftcr  ilrawlnic.  iiiiil  llii-n  to  decreiiiw — <>s|iei-laliy  when  tbe  tbr«ad  was 
fiilHMil    fur  II    day   or 
(wo  111  II   dry   atiiioH- 
)i)ii>n-.    Ini|>iirltli-H  lend- 
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■tUxH  mIh-hi  sl\  |fr  ivnt 
i>(  w'tue  exKlly  ixystiil- 
hinNi-  nail  l"  niKtil  wiili  the  rIih 
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like  forms  which  give  chipped  glass  Its  deo«rntlve  effect.  Evidently  there 
are  forces  involved  here  other  tlmn  cohesion  and  adhesion,  as  these  terms 
jire  commonly  used. 

Most  of  the  experimental  work  of  this  Investigation  was  done  hy  Mr. 
Elmer  J.  Flarrel,  now  of  the  high  school  of  St.  Paul.  M4iui. 

Physics  Lahoratory  of  Indiana  University. 
Rloomlngton.  In'l 
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Effect  of  Certain  Dissolved  Salts  Upon  the  Cohesion  of 

Water. 


By  Edwin  Morrison. 


Cohesion  is  defineil  as  "that  force  which  holds  molet^ules  of  the  Siune 
kind  together."  This  force  is  verj-  manifest  in  all  solids,  giving  rise  to 
such  properties  as  hardness,  l>rittleness.  malleability,  ductility,  tensile 
strength,  etc.  Although  not  so  apparent, 
all  liquids  manifest  the  same  kind  of  an 
attractive  force  between  molecules.  Sur- 
face tension  and  the  phenomenon  of  capil- 
larity are  due  in  a  measure  to  cohesicm 
of  the  molecules.  That  molecules  of  water 
are  held  together  by  means  of  cohesion 
can  be  demonstrated  by  bringing  a  clean, 
horizontal  disk  of  glass  in  contact  with  ^^^*  *• 

the  surface  of  water  and  then  adding  sufficient  force  to  pull  the  disk  away 
from  the  water.  In  case  the  surface  of  the  disk  is  wet  when  it  comes 
away  from  the  water  we  know  that  the  force  applied  has  separated  two 
films  of  water,  each  equal  in  area  to  that  of  the  disk. 

Probably  Gay-Lussac  first  exi)erimented  ui)on  this  force  and  estab- 
lished the  commonly  accepted  data  of  526.875  dynes  per  square  cm.  Gay- 
Lussac  used  a  glass  disk  supported  by  three  guy  C(»rds  as  shown  in  Fig.  L 

The  author  designed  and  constructed  a  piece  of  apparatus  for  measur- 
ing cohesicm  of  water  and  other  liquids  and  reported  tlie  same  to  the  Iowa 
Academy  of  Science  in  1004.  Tiiis  ai)paratus  ccmsists  of  a  round  glass  disk 
10.080S  cm.  in  dlanieter  mounted  uix>n  an  accurately  c^onstructed  c(me  10.5 
cm.  high,  witli  an  eyelet  in  tlie  apex  for  suspending  the  cone  from  the  hook 
of  a  specific  gravity  balance.     A  cut  of  this  api)aratus  is  shown  in  Fig.  2. 

In  19(K5  the  author  carefully  worked  out  and  reported  to  the  Iowa 
Academy  of  Science  the  value  of  the  cohesion  of  water  as  follows: 


Data.— Dill  meter  of  the  gin  ss  dink. 

1  MeaBurement lO.t*!:;  c 

2  MeuBurenietit lO.fiiJSc 

3  Measurement 10.727  c 

4  Measurement I0.fi&4c 

5  Measurement lO-Woir 

6  MeasureiiK-iit 10.tl74c 

7  MeuKuremeiit 10.702  c 

Average 10.6898 
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Test  No.  2. — The  number  nf  grains  to  separate  the  disk  from  water 
at  7°  C. 

Trial  1 48.710 

Trial  2 48.715 

Trial  3 48.725 

Trial  4 48.730 

Average 48.720 

Test  No.  3. — The  number  of  grams  to  separate  the  disk  from  water 
at  7°  C. 

Trial  1 48.630 

Trial  2 48.640 

Trial  3 48 .655 

Trial  4 48.675 

Average 48.t»50 

The  diameter  of  the  disk  being  10.(M!«)8  em.,  the  radius  being  5.3449 
em.,  the  area  is  80.7200  square  em.  In  the  first  test  given  above  it  required 
0.5431  g.  to  separate  one  square  em.  of  w^ater.  In  the  seeond  0.5430  g. 
and  in  the  third  0.5421  g.  The  average  of  the  three  tests  is  0.5427  g.  per 
ftqnare  cm.,  which  is  equal  to  531.846  dynes  per  square  cm. 

In  comparing  these  results  with  those  of  Gay-l^ussac  we  find  that  he 
nsed  a  disk  which  was  11.86  em.  in  diameter,  and  that  it  required  49.40  g. 
to  separate  the  disk  from  water,  or  526.875  dynes  per  square  em. 

At  this  point  it  may  be  well  to  state  the  precautions  taken  in  the  ex- 
periment -First,  in  order  to  insure  that  the  water  used  was  chemically 
pure,  ordinary  laboratory  distilled  water  was  redistilled  In  Jena  glass 
vessels  in  the  presence  of  sulphuric  acid  and  potassium  diehromate.  See- 
ond, the  disk  was  thoroughly  cleansed  by  washing  in  a  solution  of  po- 
tassium diehromate  and  sulphuric  acid;  then  in  alcohol;  then  the  disk 
was  dried  in  a  current  of  air  and  washed  again  in  redistilled  water.  Third, 
a  delicate  laboratory  balance  with  a  rider  weight  was  used  in  the  experi- 
ment 

At  the  time  the  ai)ove  data  on  the  cohesion  of  water  was  worked  out 
it  was  suggested  that  certain  dissolved  salts  have  a  marked  effect  upon 
the  cohesion  of  water.     It  is  the  purpose  now  to  note  some  of  these  effects. 

A  number  of  solutions  of  certain  salts  in  distilled  water  have  been 
tested  by  means  of  the  same  glass  disk  as  used  in  the  cohesion  of  water 
experiment.    The  first  solution  tested  was  that  of  sodium  chloride.     Six 
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solutions  were  prepared  by  dissolving  eacli  of  the  following  number  of 
grams  of  salt  in  2(K)  cc.  of  distilled  water :  7.82  g.,  15.04  g.,  ai.28  g..  4«;.U2  g., 
r»2.5()  g.,  72  g.  (saturated  solution). 

Six  solutions  eaeii  of  copijer  sulphate  and  sugar  were  preimred  iu  the 
sjHiie  way  as  in  the  case  of  sodium  chloride,  and  each  scdution  was  tested 
for  the  number  of  grams  to  separate  the  liquid  Alms. 

The  results  for  the  eighteen  different  solutions  are  tabulated  as  fol- 
lows: 

First. — The  number  of  grams  to  separate  the  disk  from  the  solutions 
when  7.S2  g.  of  each  of  the  three  materials  were  dissolved  in  200  cc.  of 
water. 


Trial. 

Sodium 
Chloride. 

Copper 
Sulphate. 

Sugar. 

1 
2 
3 

42.45 
42.50 
42.50 

48.40 
48.45 
48.47 

48.50 
48.52 

48.48 

Mean. 

42.48 

48.44 

48.50 

Second. — The  number  of  grams  to  separate  the  disk  from  the  solntioQ 
w^hen  15.64  g.  of  each  of  the  three  materials  were  dissolved  in  200  cc.  of 
water. 


Trial. 


2 
3 


Moan. 


Sodium 
'        Chloride. 

Copper 
Sulphate. 

42.15 
42.00 
41.95 

49.1i0 
49.30 
49.35 

42.03 

49.28 

Sugar. 


50.50 
50.52 
50.51 


50.61 


Third. — The  number  of  grams  to  separate  tlie  disk  froni  the  solutioitf 
when  ,31. 2S  g.  of  each  of  the  three  materials  were  dissolved  in  200  cc.  of 
water. 


Trial. 


Sodium 
Chloride. 


Copper 
Sulphate. 


Sugar. 


1  46.39 

2  46.30 

3  i 

50.35 
50.37 
50.35 

51.50 
57.49 
51.51 

Mean.                    46.345 

50.356 

51.50 
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Fourth. — ^The  number  of  grams  to  separate  the  disk  from  the  solutions 
when  4iU)2  g.  of  ea<*h  of  the  three  materials  were  dissolved  in  200  ce.  of 
water. 


Trial. 

Sodium 
Chloride. 

Copper 
Sulphate. 

Sugar. 

1 
2 
3 

50.00 
50.02 
50.01 

51.00 
51.05 
51.07 

53.10 
53.10 
53  50 

Mean. 

50.01 

51.06 

63.26 

Fifth. — The  number  of  grams  to  separate  the  disli  from  the  solutions 
when  62.50  g.  of  each  of  the  three  materials  were  dissolved  in  200  cc.  of 
water. 


Trial. 

Sodium 
Chloride. 

Copper 
Sulphate. 

Sugar. 

I 
2 
3 

50.90 
50.85 
51.05 

51.50 
51.45 
61.26 

66.70 
55.80 
55.76 

Mean. 

50.90 

51.46 

66.75 

Note.    The  copper  sulphate  solution  was  a  saturated  solution. 

Sixth. — ^The  number  of  grams  to  separate  the  disk  from  the  solutions 
when  each  of  the  three  materials  were  saturated  solutions  at  the  normal 
temperature. 


Trial. 

Sodium 
Chloride. 

Copper 
Sulphat4?. 

Sugar. 

1 

50.92 

57.00 

2 

51.05 
50.90 

56.95 

3 

57.10 

Mean. 

50.96 

51.46 

56.99 

These  results  for  each  of  the  three  dissolved  salts  may  be  plotted 
graphically  by  using  the  number  of  grams  concentration  as  abscissas  and 
grams  to  separate  the  disk  as  ordinates. 
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OoNCLTTRioNR.— First,  the  above  data  seem  to  indlcnte  that  within  cer- 
tain limits  the  ooliealon  of  water  with  dissolve<l  salts  in  it  is  n  function 
of  the  concentra- 
tion. 

Second,  as  far 
as  tested  all  di- 
lute solutions  of 
salts  in  water  ren- 
der the  cohesion 
of  the  solution 
less  than  that  of 
pure  water. 

Third,  so  far  as 
tested  the  dilute 
strongly  basic 
salts  produce  a 
greater  de<Tease 
in  the  cohesion  of 


HlS- 


^     fSSk^ 


Fisr.  3. 


UJffk  7t.O    ^ 


the  solution  from  that  of  pure  water  than  the  nonbasic  salts. 

Fourth,  It  is  also  noted  tliat  before  the  point  of  saturation  is  reached 
in  the  strongly  basic  .solutions.  Increased  concentration  does  not  produce 
increased  cohesion. 

Tests  are  in  progress  with  various  other  sjilts  than  the  ones  referred 
to  above.  Also  tests  are  in  progress  in  which  other  solvents  than  water 
are  being  used. 

Rarlham  College, 
Hichniond.  Ind. 


Some  Features  op  Delta  Formation, 


f  Charles  R.  Dbygb. 


In  Au^'iist  mill  Sejitember,  1902.  the  writer  )>[)eiit  some  weeks  ainODK 
the  western  Finger  lakes  lu  LIvinRBton  imd  ODtarlo  counties.  New  York. 
AlotiK  the  shores  of  Hemlock  Lake  his  attention  was  attrHcted  by  many  re- 
<-ently  formed  dcltns  wblch  seemed  to  present  unusual  features.  Each 
delta  was  a  seml-dreulnr  |ille  of  fine  ^hnle  shingle  symmetrically  arranged 
iinmnd  the  moutli  of  a  little  KiiUy  formed  liy  a  wet  wenther  stream.  The 
level  to|i  stood  ahout  two  feet  above  the  lake  surface  and  was  bounded  by 
H  bank  of  sbale  which  8lor>ed  downward  about  three  feet  In  six  to  a  mud 
line  undei'  water.  Tlie  w^asb  of  waven  bad  cut  at  tbe  top  of  tbe  slope  a 
vertical  clllT  six  Inches  higb.  The  land  side  was  bounded  by  a  very  steep 
hunk  of  stratified  sbale.  a  |>oi'- 
tton  of  the  general  lake  shore. 
which  Ih  almost  everywhere  pre- 
rlpitiiijs.  From  the  mouth  of 
the  gully  a  groove  a  fiMit  wide 
iiiid  six  inches  deep  exlcuileil 
straight  out  half  way  or  inure 
across  the  top  of  the  delta,  bul 
lu  no  case  reached  the  water's 
edge.  AloDK  the  sides  of  the 
gntove  lay  sticks  of  wood  and 
fragments  of  shale  of  relatively 
large  size.  One  medium  sized 
delta  measure)!  thirty-one  feet 
by  twenty-.slx  In  diameter.  -No 
camera  was  at  hand,  but  sketches  were  made  from  which  a  rough  model 
was  conHtnicted  and  photographed.     (Fig.  1.) 

The  interpretation  ft  (he  phenomena  seemed  plain.  These  deltas  were 
built  during  an  exceptionally  violent  storm  wblch  filled  the  gully  with  a 
rushing  torrent  and  raised  the  level  of  the  lake.  The  force  of  the  stream 
was  abruptly  checked  at  lake  level  and  Its  load  was  dejHtslted  lu  the  form 
of  a  fan-like  delta.    Toward  the  last  uf  the  storm  the  stream  striking  Uje 
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flat  top  of  the  delta  dug  out  the  groove  for  a  few  feet.  l>ut  was  deflected 
ui>ward  and  spread  out  into  a  thin  sheet  before  reaching  the  edge.  This 
interi>retation  was  confirmed  by  the  records  of  rainfall  and  lake  level  ke|»t 
by  the  Rochester  water  works  at  the  foot  of  the  lake,  which  is  the  soun* 
of  public  supply  for  that  city.    ITiese  records  are  as  follows : 


Date. 

Hours. 

Rainfall. 

I.akeLevHAhtmDdm. 

Julys 

12:30-7K)0  p.  m. 

.921  in. 

1  736  ft. 

•*     6 

In  tlic  night. 
10KX)-11-00  p.  m. 

2  340  " 

s.m** 

"     7 

.546  •• 

3.106** 

"     8 

3.136** 

••    18 

8.O0-llK)0  a   m. 

.101  *• 

l.iTi- 

••    19 

In  the  night. 

1.397" 

S.3N** 

2.-0a-6K)0  p.  ra. 
In  the  night. 

.607  " 

"   20 

.864  " 

s.tii* 

"   22 

3.181  ■* 

The.se  deltas  were  begun  during  the  heavy  rains  of  July  5-7,  when 
3.si()  Inches  of  rain  fell  and  the  lake  rose  1.39  feet,  most  of  the  work  being 
done  in  the  night  of  July  r>,  when  2.:i5  inches  of  rain  fell.  They  were  oom- 
pleted  July  18-20,  when  2.97  inches  of  rain  fell  and  the  lake  rose  1.01  feet. 
These  miniature  torrential  deltas  furnish  suggestions  for  the  interpreta- 
tion of  similar  but  larger  features  which  mark  the  shore  lines  of  the  teni- 
l)orary  glacial  lakes  formerly  (X'cupying  the  Finger  lake  valleys. 

A  similar  flat-topi)ed,  steep-sided  feature  caught  the  writer's  eye  ou 
tlie  east  side  of  Iloneoye  Lake.    Projecting  from  the  steep  hillside  like  a 
bracket  it  rose  200  feet  al>ove  the  lake,  suggesting  by  its  bold  and  sym- 
nietrical  outlines  an  artificial  origin  similar  to  that  of  the  dump  pile  eC  o 
mine    (t^g.  2).     It  proveil  to  be  a   torrential  delta  built  at  the 
of  Briggs  gull.     Its  finely  curve<l  fnmt  slojje.  about  150  high,  is 
as  tlie  material  will  lie.     Its  fiat  top  is  traversed  by  a  channel  twentj  Mft 
wide  and  three  feet  deep  which  extends  to  the  edge  and  Ib  contlnned  hf  > 
similar  groove  in  the  steep  face.    The  S'juthern  side  cut  away  by  the 
stream  sliows  characteristic  foreset  l)eds  of  sand  containing  larige 
ments  of  stiale  near  the  top.    Briggs  gull  now  drains  a  basin  of  about  iU 
s<niare  miles.    A  lioavy  rain  witli  rapid  melting  of  ice  or  a  sudden  dlrenkm 
of  drainage  l\v  the  breaking  of  an  ice  dam  in  glacial  times  may  have  en- 
abled the  stroMin  to  build  tliis  delta  in  a  few  days  or  weeks.     Briggs  delta 
helps  to  account  for  tlie  anomalous  distribution  of  glacial   lake  deltas. 
Similar   features   are   ninnerous    in    the   Finger   lake   valleys.      Not   tbdr 
presence  but  their  absence  from  the  former  mouths  of  many  streams 


tier  |ir<>1)Iem. 
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Why  do  not  ileltiiH  orciir  on  all  of  tbc  hiimlredx  of 
lie  viille.v  )(lik-8?  Why  did  one  Btreiim  ii  tnilc  »r  twu 
few  nwls  III  iirpji  wliile  a  mufli  longer  Mtreiiiii  neiir  by 


Fig.2.    KTiggitbeU».         A,    V 


B.    From  «lio< 


.   lint   iiwe   llieir  exKleine  to  ii   sihkIi'   Imnl   unit   brief  iicclilent   of 

]Hf  wlili'h  iliil  iii'i  iiflV'-l  iiol^'liboriiiK  ittreaiiif. 
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by  the  (H-currenM-  iiiMin  the  hichext  level  of  n  Bhfln>  kettle  hole  300  (eot  In 
(llfliiietei-  iirxl  25  feft  (lpe|i.  iiirtrkiuB  the  [ilmi-  where  ii  actnclinl  li-e  lihw-k 

Htmtllllll    lltlll    IILCllllt. 

The  .MfiirruiK'e  of  kettle  holes  in  rleltiis  iw  imt  iiniMinmoii.'  A  iviiiurk- 
nlile  cnse  of  tills  kind  hiis  lieeii  ileivrlbeil  liy  the  writer  where  nn  jire.-i  of 
teu  acres  of  delta  aurfuce  is  thiikly  iiiilwl  with  siiDill  kettles.'  (Fig.  4.) 
Tills  ileltii  Ik  tlie  jiiliit  [irodm-t  of  «  hiiid  Mtreiini  and  a  viilley  gliicler  which 
omtrlhuleil  \ve  blocks  niid  nn  iiiideteriuined  itortion  of  the  |)erniBuent  iiiii- 
terlnl.  There  nre  iirobably  niiiiiy  intermediate  forms  between  such  n 
uiniainal  ililta  and  one  iliie  wholly  to  stream  work. 


Vig.  &.    Outer  Fue  of  Moninal  DelM.      Fan  in  front  at  Dotcb. 

Wlieu  lake  waters  arc  withdrawn  the  Msei'tloa  of  n  della  may  result  in 
the  forniHU<Mi  of  an  alluvial  fan  in  front  of  It,  This  gives  a  cboracterlsdc 
iiHiiiiimitloii  of  iiolchcd  dclla  aiul  fan.  (KIg.  5).  The  fan  of  Mill  Creek  at 
the  foot  of  Iloiieoye  Lake  is  a  mile  in  iliuiueter.  and  is  responsible  for  the 
exlitten<-e  of  (he  lake,  to  which  it  acts  ns  a  liain.  The  fan  of  Caiudice  out- 
let bears  a  similar  relation  to  Hemlock  Luke,  wtiich,  however,  Is  too  deep 
lo  owe  its  exIsteTice  wholly  to  that  cauMC. 

Deltas  oecasionally  take  the  form  of  long,  narrow  ridges  upon  one  or 
both  sides  of  n  stream,  resembling  the  nntnrnl  levees  In  "the  goosefoot" 
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of  the  Miasiflsippi.  Normnlly  the  point  where  a  tributary  valley  joins  a 
larj^er  one  is  marked  by  a  notch  in  the  wall  of  the  latter,  but  in  some  eases 
a  bisected  spur  appears  instead.  The  delta  of  Canadice  outlet,  mentioned 
above,  fiimishes  a  good  example.  A  delta  at  Lake  Warren  level,  near 
East  Bloomfield,  what  is  left  of  it,  has  the  form  of  a  single  narrow  tongue 
more  than  a  half  mile  long.  Such  lateral  deposits  of  a  stream  may  be 
callefi  levee  deltas. 

Hanging  deltas  have  been  the  chief  guides  to  geologists  in  mapping 
the  outline  of  temporary  glacial  lakes,  but  they  are  worthy  of  more  careful 
study  as  simple  and  well  displayed  specimens  of  constructional  shore 
forms.* 

State  Normal  School, 
Terre  Haute,  Ind. 


'Nearly  all  the  features  mentioned  in  this  paper  may  be  found  upon  the  Way- 
iand,  Naples,  Honeoye  and  Canandalgua  sheets  of  the  Topographic  Map  of  United 
Stotea. 
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A  Physiographic  Survey  of  an  Area  Near  Terre  Haute, 

Indiana. 


By  Chas.  R.  Dryer  and  Melvin  K.  Davis. 


The  Survey. — In  the  summer  of  1909  the  senior  author  of  this  pai>er, 
in  despair  of  living  long  enough  to  receive  any  help  from  the  U.  S.  Geo- 
logical Survey  or  from  the  State  of  Indiana,  resolved  to  try  what  might 
be  done  by  his  own  students  toward  a  serviceable  topographic  survey  of 
the  area  around  Terre  Haute.  Four  young  men  and  two  yoimg  women 
were  ambitious  enough  to  undertake  the  work.  For  a  base  map  the  atlas 
of  Vigo  county  was  used  and  found  to  be  very  poor,  in  fact  a  disgrace  to 
the  surveyor,  the  draughtsman,  the  printer  and  the  whole  community  con- 
cerned. We  simply  made  the  best  of  it.  The  profiles  of  three  railroad  lines 
traversing  the  region  were  obtained,  and  other  base  lines  and  points  were 
determined  with  a  surveyor's  level.  Most  of  the  topographic  work  was 
done  with  the  hand  level  and  staff.  It  was  found  possible  to  retiuire  that 
no  discrepancy  between  different  lines  of  levels  should  exceed  one  foot. 
Highways  and  divides  were  followed  and  section  and  other  cross-country 
lines  were  run  wherever  necessary.  About  two  days  a  week  for  six  weeks 
were  spent  in  the  field,  and  the  result  was  found  to  be  wortli  while.  While 
surveying  was  being  done  the  location  of  particular  features  was  noted 
In  order  that  no  time  would  be  lost  when  their  special  study  should  come. 
The  map  drawn  by  the  junior  author  of  this  paper  from  the  data  thus  se- 
cured has  proved  adequate  for  the  i)urpose  In  view. 

(ivneral  Description. — The  area  surveyed  Is  immediately  west  of  Terre 
Haute  and  comprises  ai>out  25  s<iuare  miles  in  Sugar  Creek  township, 
Vigo  county,  Indiana.  It  is  bounded  on  the  east  by  the  Wabash  river 
and  Includes  a  portion  of  its  flood  plain.  West  of  the  Wabash  bluffs,  here 
eighty  to  one  hundred  feet  high,  the  area  consists  of  an  originally  smooth 
upland  of  glacial  drift  540  to  560  feet  above  sea  level,  which  has  been  sub- 
maturely  dissected  by  the  branches  of  Sugar  creek.  The  remnants  of  the 
original  surface  have  been  re<luced  to  tlie  scrap-tin  outline  characteristic 
of  the  leaves  of  the  pin  oak.  The  larger  valleys  are  flat  bottomed  and 
contain  alluvial  filling  to  a  depth  of  40  or  more  feet.  The  drilling  of  a 
well  at  Vandalla  mine  No.  81,  section  24,  showed  the  deposit  to  be  40  feet 
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deep.  The  sIoi>es  of  valley  sides  are  generally  steep  and  the  ravines  of 
the  ultimate  tributaries  are  exceedingly  narrow  and  sharp.  The  depth  of 
the  glacial  drift  is  generally  from  40  to  fiO  feet,  and  the  streams  only  here 
and  there  touch  bed  rock. 

Many  beds  of  recent  conglomerate  appear  along  west  Little  Sugar 
creek.  The  principal  valleys  are  preglaclal,  with  a  base  level  determined 
by  the  level  of  the  preglaclal  Wabash,  which  was  60  or  70  feet  lower  than 
the  present  river.  These  valleys  were  filled  with  drift  which  the  poet- 
glacial  streams  have  scarcely  half  removed.  The  drainage  has  deveIoi>ed 
by  headvvard  erosion  into  an  intricate,  dendritic  system  of  insequent 
branches  which  penetrate  to  nearly  every  acre  of  the  area.  Judging  from 
the  position  of  large  trees  there  is  reason  to  believe  that  the  lines  of  drain- 
age were  well  defined  before  vegetation  sprang  up. 

Stratigraphy. — The  underlying  bed  rocks  of  the  area  are  the  shales 
of  the  coal  measures  with  several  workable  seams  of  coal,  the  upi^rmost 
of  which  outcrops  along  the  foot  of  the  Wabash  bluffs.  The  shales  above 
the  coal  form  about  one-half  the  height  of  the  bluffs.  The  upi)er  half 
consists  of  glacial  drift  Intercalated  with  the  shales  are  several  thin 
strata  of  limestone,  two  of  wliich  exercise  a  notable  influence  upon  the 
topography.  Below  the  500-foot  level  a  tough,  flinty  limestone  four  or  five 
feet  thick  has  resisted  river  erosion  to  such  an  extent  as  to  form  a  terrace 
between  the  Wabash  flood  plain  and  bluff,  in  some  places  500  feet  wide 
and  20  feet  above  the  plain.  We  call  it  the  flinty  limestone.  A  similar 
but  less  silicious  limestone  lies  about  thirty  feet  higher.  In  section  31 
the  waters  of  the  Sugar  creek  system  have  cut  a  gap  in  these  strata  and 
reaoli  the  Wabash  at  grade. 

The  glacial  drift  belongs  to  the  Illinolan  drift  sheet  of  Leverett  and 
lies  just  outside  the  border  of  the  Shelbyville  moraine.  The  mass  of  it 
consists  of  a  tough  boulder  clay,  weathering  on  exposed  faces  into  roughly 
hexagonal  columns  and  contjiining  numerous  striated  and  faceted  boulders 
of  moderate  size.  Large  boulders  are  rare.  In  some  places  the  till  is  one- 
half  fine  gravel.  There  are  occasional  thin  partings  of  sand.  In  a  rail- 
road cut  about  one  mile  to  the  north  of  the  area  surveyed  buried  logs  of 
wood  up  to  nine  inches  in  diameter  are  numerous  along  a  level  horizon, 
but  no  difference  can  be  discovered  between  the  overlying  and  the  under- 
lying till.  In  the  south  bluff  of  Sugar  creek  beds  of  laminated  silt  arc 
intercalated  in  the  till  and  point  to  the  occurrence  of  an  interglaeial  in- 
terval of  notiible  extent.    The  upper  foqr  or  five  feet  of  drift  often  cop- 
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sist  of  a  deep  red,  iiebbleless  and  structureless  loam,  the  origin  of  which 
Is  au  inisolved  [irobleni.  The  re<l  loam,  even  upon  moderate  sloiies,  gullies 
rapidly  and  has  greatly  facilitateil  the  dIssectUm  of  the  region. 

The  Wabash  Plain,  two  miles  in  width.  pr*^siMits  the  usual  fltXKi  plain 
features  of  levees  and  bayous.  At  one  i)oint,  S.  W.  \  of  S.  E,  i  of  sec- 
tion 8,  shale  outcrops  in  the  midst  of  the  alluvium.  Before  the  valley  was 
filled  this  was  an  island  in  the  river  with  deep  water  all  around  it.  The 
valley  tilling  in  some  places  is  80  feet  deep,  and  consists  of  sand  and  gravel 
carriefl  into  the  valley  by  water  and  floating  ice.  At  a  railroad  gravel  pit 
in  section  36  twenty-flve  feet  of  fine  gravel  is  ex{K>sed,  with  an  occasional 
stratum  containing  enough  clay  to  resist  rain  wash  and  cause  the  forma- 
tion of  earth  pillars  two  or  three  feet  high.  A  terrace  of  coarse,  roughly 
stratified  gravel  formerly  occupied  an  area  about  one  mile  by  one-half 
oi)posite  the  city  of  Terre  Haute  and  was  an  island  at  high  water.  The 
town  of  West  Terre  Haute  stands  upon  the  southern  half  of  it.  The  north- 
em  half  has  lieen  entirely  removed  by  the  railroad  companies  and  exca- 
vated to  the  level  of  low  water  in  the  river.  The  remaining  surface  is 
from  15  to  25  feet  ai)ove  the  plain. 

The  l^iugar  Creek  Drainafje  ^yntem  presents  several  peculiar  features 
and  furnishes  some  of  the  most  interesting  problems  of  the  area.  The 
small  tributaries  of  the  Wabasli  are  usually  of  the  i)arallel  type,  not  com- 
bining Into  systems,  the  main  streams  fiowlng  nearly  at  right  angles  to 
the  Wabash.  The  Sugar  creek  system  Is  fan-shai)ed.  consisting  of  four 
principal  streams  which  converge  southward  and  eastward  to  a  junction 
and  pass  out  through  a  single  gap  upon  the  Wabash  plain.  East  Little 
Sugar  creek  fiows  southward  seven  miles  parallel  with  the  Wabash  river 
and  about  one  mile  west  of  the  bluff.  In  sections  25  and  20  a  nameless 
stream  flows  alK)ut  one  mile  eastward,  turns  northward  one-half  mile  and 
again  eastward,  l>oth  bends  being  right  angles.  This  seems  to  he  due  t(» 
hanler  material  in  the  stream's  course. 

tSuyar  Creek  Lake. — At  the  western  border  of  the  area  surveyed  tlie 
valley  of  Sugar  creek  widens  abruptly  from  less  than  one-half  mile  to  about 
a  mile.  Two  miles  below  It  narrows  abrui)tly  and  flows  tor  a  mile  through 
a  gorge  twenty  to  forty  nnls  wide.  The  expansion  and  the  narrows  pre- 
sent each  Its  own  but  related  problem. 

The  expanded  portion  of  the  valley,  about  one  mile  by  two,  is  l)ounded 
on  the  south  by  a  boulder  clay  bluff  sixty  feet  high :  on  the  north  by  lower 
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and  gentler  slopes  and  is  invaded  near  the  east  end  by  a  flat  spnr  pmject- 
ing  lilce  a  dam  from  tlie  north  side  nearly  to  the  bluff  on  the  soath.  Near 
the  south  end  of  the  dam  the  stream  has  cut  a  narrow  gap  thirty  feet  deep. 
The  lower  ten  feet  exposed  in  the  gap  is  shale  with  a  thin  cap  of  flinty 
limestone.  The  upper  twenty  feet  of  the  dam  Is  glacial  clay  with  the  ex- 
ception of  a  little  poorly  stratified  gravel  and  sand  at  the  south  end  of  the 
dam  near  the  creek.  These  features  present  on  their  face  the  charac- 
teristics of  a  drift-damme<l  lake  drained  by  the  down  cutting  of  Its  outiet. 
The  supposed  lake  bottom  is  underlaid,  so  far  as  discoverable,  by  six  feet 
of  alluvium  on  top  of  the  flinty  limestone.  The  flat-topped  dam  appears 
to  be  a  terrace  and  is  accordant  in  level  with  other  terrace  fragments  in 
the  valley  of  West  Little  Sugar  creek  above.  In  the  south  bluff  the 
boulder  clay  is  interrupted  for  a  few  rods  by  ten  feet  of  finely  laminated 
lacustrine  silts,  the  bottom  of  which  is  at  about  the  same  level  as  the  ter- 
race tops. 

Various  hyiwtheses  may  be  entertained;  (1)  The  expansion  of  th«* 
valley  is  due  to  tlie  lateral  corrasion  and  shifting  of  the  preglacial  stre.un 
over  the  surface  of  the  resist ent  flinty  limestone.  The  whole  valley  was 
filled  with  glacial  clay.  The  interglacial  stream  had  a  temi>orary  base 
level  fifty  feet  higher  than  at  present  and  cleaned  out  the  filling  down  to 
the  terrace  level  (510  feet  above  the  sea).  During  this  process  a  tribu- 
tary stream  from  the  south  cut  a  valley  out  of  the  boulder  clay  down  to 
the  terrace  level,  which  was  afterward  filled  with  silt.  By  a  lowering  of 
the  base  level  In  the  Wabash  the  stream  was  enabled  to  cut  down  the  dun 
and  to  clear  out  the  valley  to  the  present  level,  draining  the  lake  and  leav- 
ing fragments  of  the  valley  filling  as  terraces. 

(2)  The  preglacial  and  interglacial  course  of  the  stream  was  north- 
eastward into  the  valley  of  East  Little  Sugar  Creek.  A  readvance  or  the 
ice  left  a  till  dam  across  the  former  course  and  the  portion  of  the  present 
valley  throngli  tlie  narrows  is  entirely  postglacial.  The  complete  sequence 
of  events  is  not  so  clear  as  could  be  wished. 

(3)  The  resistance  of  the  two  limestone  strata  which  outcrop  ahnig 
tlic  Wabasli  l>liiff  and  over  a  l>elt  alKnit  two  miles  wide,  west  of  the  bluff. 
may  account  for  tlie  soutliward  course  of  East  Little  Sugar  Creek,  for 
tlie  narrows  of  the  lower  end  of  the  valley  and  for  the  single  gap  In  the 
bluff  through  which  the  waters  of  tlie  system  escai)e  to  the  Wabash  plain. 

Period  of  liavinc  Cuttlnfi. — The  valley  sloiies  of  the  ultimate  triba- 
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tiiries  are  so  steep  and  the  ravines  are  so  narrow  and  shari)  as  to  prevent 
cultivation  and  they  are  in  most  places  forested.  The  frequent  occurrence 
of  large  trees,  one  hundred  to  two  hundred  years  old,  in  the  bottom  of  the 
ravines,  indicates  that  the  present  rate  of  downward  corraslon  is  very 
slow,  and  that  possibly  the  dissection  of  the  region  in  the  drift  area  was 
mostly  accomplished  during  the  period  of  ice  melting  and  the  succeeding 
l>eriod  of  bare  ground,  before  the  surface  was  covered  with  vegetation. 

Culture, — ^The  alluvial  lands  in  the  valleys  are  chletly  occupied  by  corn 
fields.  The  broken  upland  areas  l>etween  the  ravines  are  inconvenient  for 
farming  but  many  of  the  small  fields  produce  good  corn,  oats  and  hay, 
e8i>ecially  hay.  The  only  way  by  which  cuts,  fills,  and  bridges  can  be 
avoided  in  road  building  is  to  run  the  roads  on  the  narrow  divides  between 
the  heads  of  ravines.  Coal  mines  are  numerous.  Along  the  front  of  the 
Wabash  bluffs  shale  and  coal  are  accessible  near  the  surface  and  four 
large  brick  and  tile  factories  have  been  established.  The  new  industries 
have  multiplied  the  iK)pulation  of  West  Terre  Haute  by  five  in  ten  years, 
and  have  caused  three  considerable  villages  to  spring  up  from  nothing  in 
the  same  time. 

State  Normal  School, 
Terre  Haute,  Ind. 
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Collecting  Area  of  the  Waters  of  the  Hot  Springs,  Hot 

Springs,  Arkansas.^ 


By  a.  H.  Pubdue. 


Introduction, — The  conclusions  in  tliis  paper  were  reached  in  the  course 

of  field  work  on  the  structure  and  stratigraphy  of  the  area  about  Hot 

Springs  during  the  summer  of  1909.    The  paper  is  written  with  the  as- 

tion  is  made  partly  because  geologists  in  general  have  come  to  think  of 

most  of  the  ground  water  as  having  such  origin,  and  partly  because  the 

sumption  that  the  waters  of  the  hot  springs  are  meteoric.  This  assump- 
rec*ent  studies  of  Mr.  Walter  Harvey  Weed  upon  the  waters  of  these  springs 

clearly  indlctite  that  they  are  meteoric* 

Topography  of  the  Highlands  of  Arkansas. — The  highlands  of  Arkan- 
sas and  the  eastern  part  of  Oklahoma  are  divided  into  a  northera  and  a 
southern  part,  separated  by  the  valley  of  the  Arkansas  River.  The  north- 
ern division  consists  of  the  Boston  Mountains,  which  are  a  dissected  pla- 
teau, reaching  the  height  of  somewhat  more  than  2,200  feet  above  sea  level, 
and  a  much  lower  area  to  the  north  of  them.    The  southern  division  con- 

« 

sists  of  the  Ouachita  Mountains,  which  cover  an  area  about  60  miles  in 
width.  These  mountains  consist  of  ridges,  the  direction  of  which  is  in  the 
main  east  and  west  and  some  of  which  surpass  2,000  feet  In  height. 

Topography  of  the  Area  About  the  Hot  Springs. — The  topography  in 
the  vicinity  of  the  hot  springs  is  indicated  by  the  accompanying  relief 
map  (Fig.  1).  The  springs  (indicated  by  the  cross)  emerge  from  the 
western  end  of  Hot  Springs  Mountain,  which  i»  known  as  Indian  Moun- 
tain east  of  West  Branch  of  Gulpha  Creek.  Immediately  north  of  Hot 
Springs  Mountain  is  North  Mountain,  which  continues  west  of  Hot  Springs 
Creek  as  West  Mountain.  Three  miles  west  of  the  springs  West  Mountain 
swings  around  in  a  horseshoe  curve  and  extends  northeastward,  and  is 
known  as  Sugarloaf  Mountain.  Hot  Springs  Creek,  a  considerable  stream, 
flowing  southward,  carries  off  the  overflow  from  the  hot  springs  and  the 
drainage  of  a  portion  of  the  valley  just  south  of  Sugarloaf  Mountain. 


*  By  permission  of  the  Chief  Geologist,  U.  S.  Geo!.  Surv. 

'  The  hot  springs  of  Arkansas.     Senate  Document  No.  282,  p.  90,  Washington. 
D.  C,  1002.     Prepared  under  the  supervision  of  the  Secretary  of  the  Interior. 
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Tbis  valley  is  from  a  mtle  to  a  mile  and  a  quarter  in  width.  About 
two  mllea  nortbeast  of  tbe  bot  springs,  where  West  Branch  of  Gnlpba 
Creek  cuta  throngb  North  Mountain,  la  a  limited  area  with  an  eterallua 
of  about  620  feet  The  greater  pait  t>f  tbe  Burface.  however,  stands  oboTe 
the  700-foot  contour,  iin<t  tbe  bigbent  hills  exceed  800  feet.  The  bigbest 
elevation  at  which  any  of  the  springs  emerge  is  about  640  feet. 


Hot  SprinRiAreft. 


Stratigraphy  of  the  Area  Aliiiut  the  Hot  Sprinpg. — Tbe  enrfaoe  ndU 

nbont  the  hot  P|irliipB  are  shown  In  the  following  section:' 
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OarboniferooB — 

Stanley  shale 3,500  feet. 

Hot  Springs  nandstoue 100    •* 

Age  unknown — 

Arkansas  noTHcnlite 380    •* 

Missouri  Mountain  slate  60    ** 

OrdoTician — 

Polk  Creek  sliale 210    •* 

Bigfork  chert 670    '• 

The  Bigfork  chert  is  In  layers  from  two  to  twelve  inches  thick. 
Throughout  a  good  portion  of  the  formation  it  consists  ahnost  entirely  of 
chert,  but  in  parts  the  layers  are  separated  by  thin  beds  of  shale,  and  in 
other  parts  shale  is  the  main  constituent.  The  chert  Is  very  brittle  and 
Intensely  fractured  from  the  folding  it  has  suffered. 

The  Polk  Creek  shale  overlies  the  Bigfork  chert,  and  is  a  very  black, 
somewhat  silicious  shale,  though  soft  enough  from  its  graphitic  nature  to 
soil  the  fingers  in  handling.  The  upper  part  contains  a  few  thin  silicious 
beds,  but  the  lower  part  is  wholly  shale. 

The  Missouri  Mountain  slate  as  it  occurs  in  the  vicinity  of  the  hot 
springs  is  a  red  to  brown  or  yellow  shale,  depending  upon  the  stage  of 
weathering.     Further  west  in  the  Ouachita  area  It  is  a  true  slate. 

The  Arkansas  novacullte  as  it  Is  exiK>sed  in  the  city  of  the  hot  springs 
consists  of  three  parts :  A  lower,  massive  one  275  feet  thick,  made  up  of 
heavy  beds  of  much  fractured  novacullte.  It  Is  from  this  part  of  the  for- 
mation that  the  Arkansas  abrasives  are  secured.  This  is  followe<l  l)y 
fifty-five  feet  of  very  black  clny  sliale,  weathering  in  places  to  light  gray; 
and  this  by  fifty  feet  of  what  appears  to  be  rotten,  porous  novaculite. 
The  section  of  the  novaculite  formation  over  the  Ouachita  area  varies 
greatly  with  the  locality. 

The  Hot  Springs  sandstone*  is  a  gray,  quartzitic  sandstone  in  l)eds 
from  three  to  eight  feet  thick.  The  l)asal  ten  feet  or  more  is  c^onglomoratlc. 
It  Is  from  this  formation  that  most  of  the  hot  springs  issue,  which  fact, 
however,  is  accidental  and  consequently  not  significant. 

The  Stanley  shale  is  composed  mainly  of  black  to  green  clay  shale, 
though  a  large  per  cent  of  it  consists  of  rather  soft,  greenish  sandstone. 
This  shale  skirts  Hot  Springs  and  West  Mountains.     While  a  large  part 

*  This  name  has  not  boon  used  before  in  Arkansas. 
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of  the  city  of  Hot  Springs  stands  on  this  formation,  only  the  waters  of 
tliose  sprinj^s  tliat  Issue  at  the  lowest  levels  move  through  it. 

Structure  and  Rocks  of  the  Ilighland  Area. — The  general  structure  of 
the  highland  area  is  that  of  a  brcmd  synciine  with  its  trough  in  the  Ar- 
kansas Valley.  The  rocks  of  the  Boston  Mountains  and  the  area  to  their 
north  lie  for  the  most  part  horizontal,  hut  in  the  south  half  of  the  Boston 
Mountains  they  dip  pereejitibly  to  the  south,  passing  in  the  Arkansas  Val- 
ley under  several  thousand  feet  of  younger  rcx'ks. 

The  general  structure  of  the  Ouachita  area  Is  that  of  an  anticlinorima 
dipping  southward  under  the  mesozoic  and  tertiary  n>cks,  and  northward 
beneath  the  Arkansas  Valley.  The  rocks  for  the  most  part  are  intensely 
folded,  to  which,  with  erosion,  is  due  the  narrow  valleys  and  parallel 
ridges  of  the  area.  The  hot  sjirings  are  locjited  In  the  eastern  part  of 
this  area. 

The  folds  in  the  main  have  an  east-west  direction,  hut  at  Hot  Springs 
and  for  some  distance  to  tiie  west  their  direction  Is  northeast-southwest. 
The  Individual  folds  are  as  a  rule  not  continuous  for  great  distances,  but 
are  short  and  overlap  each  other  laterally.  Thrust  faults,  approximately 
parallel  to  the  strike  and  of  many  hundred  feet  displacement,  are  com- 
nvai  in  the  Ouachita  Mountains  and  the  Arkansas  Valley. 

Structure  of  the  Area  About  the  Hot  SpriufjH. — Like  the  remainder  of 
the  Ouachita  region,  the  area  about  the  hot  springs  is  intensely  folde<l. 
The  folds  are  clo.^^ely  ccmipressed  and  are  all  overturned  to  the  south.  A8 
a  result  the  dips  are  to  the  north.  Some  of  these  are  as  low  as  15  de- 
grees, and  they  seldom  exceed  tK>  degrees.  This  means  that  at  the  ptiints 
of  greatest  overturning  the  rock  layers  lie  literally  upside  down,  and  in 
folding  have  described  an  arc-  of  1(15  degrees. 

Possihiiitii s  of  (1  round-Water  Floirage, — While  the  altitude  of  the 
Boston  .Mountains  is  suflicient  to  give  the  ground-water  enough  head  for 
it  to  emerge  at  the  lieight  and  distance  of  the  hot  springs,  the  intervening 
structure  makes  such  impossible.  The  closely  compressed  folds,  overlaj)- 
ping.  and  faulting  of  I  lie  Ouachita  area  are  such  as  to  prevent  the  unin- 
terrupted nrivement  ol"  ground-water  except  for  short  dlstam^es.  Likewise 
liie  stratigraphy,  structure  and  topography  to  the  south  of  the  hot  springs 
eliminate  that  area  as  a  possible  source  of  the  water;  and  the  same  is 
true  of  the  higl»lands  of  central  and  eastern  Kentucky,  Tennes,see  and 
Alabama  and  tlio  Interveniuir  area. 
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The  Collecting  Area. — It  follows  from  the  above  tbnt  the  collectlnis 
jjrea  must  be  in  the  near  vicinity  of  the  springs,  and  a  study  of  the 
topography,  stratigraphy  and  structure  thereabout  locates  it  with  reason- 
able certainty.  A  glance  at  the  section  (Fig.  2)  from  Sugar  loaf  Mountain 
southeastward  through  Hot  Springs  Mountain  will  indic*}ite  the  collecting 
area.  The  surface  of  the  overturned,  anticlinal  valley  between  Sugar- 
loaf  and  North  Mountains  is  higher  than  the  level  of  emergence  of  the 
springs.  The  rocks  outcropping  over  the  area  are  the  Blgfork  chert  and 
the  Polk  Creek  shale,  the  former  occupying  most  of  the  area. 

The  considerable  thickness  of  the  Blgfork  chert,  its  much  fractured 
nature  and  the  thin  layers  of  which  it  is  composed,  all  combine  to  make 
it  a  water-bearing  fonnation  of  unusual  importance.  The  greater  num- 
ber of  the  fine  springs  in  the  Ouachita  area  between  Hot  Springs  and  the 
western  border  of  the  state  come  from  this  horizon.  In  many  places  this 
formation  occurs  in  anticlinal  valleys  witli  its  highly  inclinal  beds  trun- 
cated, affording  the  most  favorable  condition  for  the  intake  of  water.  A 
glance  at  figure  2  will  show  that  these  conditions  obtain  in  the  area  be- 
tween North  Mountain  and  Sugarloaf  Mountain.  In  addition  to  the  favor- 
able structure  for  the  reception  of  water  there  is  the  stratigraphic  condi- 
tion for  its  retention  brought  about  by  the  overlying  Polk  (^reek  shale.  As 
a  conseciuence  of  the  topography,  structure  and  stratigraphy  the  water  is 
collected  in  the  basin  shown  in  the  niaj)  (Fig.  I),  conducted  through  the 
Bigfork  chert  beneath  the  North  Mountain  syncline.  and  rises  in  the  Hot 
Springs  anticline,  at  the  western  end  ot  which  it  emerges  in  the  hot  springs. 
Including  several  of  very  weak  flow,  there  are  said  to  be  seventy-two  of 
tlicso  springs,  and  they  are  confined  to  a  narrow  strip  about  a  quarter  of  a 
mile  long. 

Tlic  exact  location  of  the  springs  is  attributable  to  the  southwestern 
lilunge  of  the  Hot  Springs  anticline,  and  as  has  been  stated  by  Mr.  Walter 
Harvey  Weed'  probably  to  fracturing  and  possible  slight  faulting  in  tht» 
process  of  folding,  as  shown  in  figure  'X 

While  not  relevant  to  the  title  of  the  paper,  it  might  be  added  that 
tlie  considerable  nuiiil)er  of  <likes  in  tlie  immediate  vicinity  of  the  hot 
springs,  tlic  lar«c  nunii»or  (eighty  are  known)  only  a  few  miles  to  the 
soutli  on  and  near  tlic  Ouachita  Klver,  :ind  the  areas  of  igneous  rock  at 
Potash  Snlpliur  Spring.  Magnet  Cove  and  other  places,  force  the  sugges- 

*  L<H\  cit. 
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tion  upon  one  that  the  waters  of  the  springs  owe  tlieir  temperature  to 
passing  over  hot  rocks  or  the  vapor  from  such  in  some  part  of  their  under- 
sjTound  course.*  The  fact  that  these  are  practically^  the  only  hot  springs 
within  the  Ouacliita  area,  tliough  there  are  scores  of  cold  springs  issuing 
from  the  same  formations  and  under  practically  the  same  geologic  rela- 
tions, gives  this  suggestion  great  weight;  but  inasmuch  as  some  of  the 
springs  are  said  to  be  unusually  radio-active,  there  is  the  alternative  sug- 
gestion that  atomic  decomposition  in  igneous  rocks  (which  may  have  h)st 
their  magmatic  hojit)  is  the  source  of  the  high  temperature  of  the  water. 
Fayetteville,  Ark. 


*  Dr.  J.  C.  Bronnor  tias  already  called  attention  to  this  aa  tiic  probable  source  of  the  heat. 
Hcc  Gcol.  Surv.  of  Ark.,  Report  on  Mineral  Waters,  pp.  9  and  10. 

7  Recently  a  spring,  said  to  have  a  temperature  of  98°  to  100°  F.,  has  l>een  discovered 
issuing  from  the  Arkansas  novaculite  in  the  bed  of  the  Caddo  River,  at  Caddo  Gap,  Mont- 
gomery County. 
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Historical  R£8Um£. 

Ever  since  the  beginning  of  our  knowledge  of  the  geology  of  the  West- 
ern plains  and  the  Rocky  Mountains  there  have  existed  contentions  re- 
garding the  various  deposits  to  which  the  names  Laramie  and  Fort  Union 
have  been  applied.  These  ctmtentions  have  concerned  the  grouping  of  the 
various  beds,  the  geological  horizons  to  which  the  deposits  of  different 
basins  and  of  different  levels  should  be  referred,  and  the  members  to 
which  the  names  Laramie  and  Fort  Union  respectively  should  he  re- 
stricted. Up  to  alx>ut  the  year  1896  certain  deposits  in  the  Judith  River 
basin  and  others  in  Montana,  Wyoming.  Colorado  and  New  Mexico  were 
all  regarded  as  the  products  of  a  single  geological  epoch  and  were  all 
called  Laramie.  Although  as  early  as  ISGO,  or  even  earlier,  some  geolo- 
gists, especially  Dr.  F.  V.  Hayden  and  Professor  I^eo  Lestpiereux.  basing 
their  opinion  on  the  fossil  plants,  held  that  all  or  the  greater  part  of  the 
deiK>sits  in  question  b**longoil  to  tlie  Tertiary,  the  prevailing  opinion  up  to 
1896  was  that  the  Laramie,  taking  the  term  in  its  widest  sense,  was  the 
uppermost  portion  of  the  Cretaceous.  It  may  l>e  said,  however,  that  Pro- 
fessor Cope  in  his  great  work  "The  Vertebrata  of  the  Tertiary  Forma- 
tions of  the  West"  referred  the  Laramie,  as  well  as  the  overlying  Puerco 
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(including  what  is  now  known  as  the  Torrejon),  to  the  "Post-Cretaceous,*' 
a  group  holding  a  position  between  the  Cretaceous  and  the  Tertiary.  He 
had  previously  assigned  the  Puerco  to  the  Eocene.  However,  In  1887 
(Amer.  Naturalist,  xxi,  pp.  446,  450)  he  transferred  this  "Post-Cretacic 
System"  to  what  he  called  the  Mesozoic  realm.  In  the  year  1896  Messrs. 
S.  F.  Emmons,  Whitman  Cross  and  G.  II.  Eldridge  published  their  "Geol- 
ogy of  the  Denver  Basin,"  in  which  the  previously  so-called  Laramie  in 
the  region  of  Denver,  Colorado,  was  shown  to  consist  of  three  distinct  for- 
mations. The  name  Laramie  was  by  them  restricted  to  the  lowest  mem- 
ber of  these,  the  succeeding  formations  being  called  respectively  the  Arapa- 
hoe and  the  Denver.  The  last  two  had,  however,  already  l)een  recognized, 
named  and  published  by  Eldridge  and  Cross  as  early  as  1888. 

Although  the  authors  of  the  Geology  of  the  Denver  Basin  referred  to 
the  Upper  Cretaceous  the  three  formations  mentioned,  Whitman  Cross 
(op.  cit.,  p.  206,  seq.)  makes  a  strong  argument  in  favor  of  including  the 
Arapahoe  and  the  Denver  in  the  Tertiary.  His  plea  was  based  especially 
on  the  existence  of  a  great  stratigraphical  break  l)etween  the  lower  and 
the  middle  of  the  three  formations  and  on  the  evidence  furnished  by  the 
fossil  plants.  Certain  dei)osits  in  Middle  Park,  Colorado;  others  near 
Canyon,  Colorado;  others  in  the  Huerfano  basin;  certain  ones  along  the 
Animas  River;  still  others  in  New  Mexico,  l)eneath  the  Puerco;  and  the 
so-called  "Ceratops"  beds  of  Wyoming  were  all  provisionally  correlated 
with  one  or  other  of  the  formations  in  the  Denver  basin. 

It  is  interesting,  therefore,  to  observe  that  about  1887  and  1888,  while 
Cope  was  endeavoring  to  raise  the  boundary  between  the  Mesozoic  and  the 
('enozoic  to  a  position  above  what  is  now  known  as  the  Torrejon,  Cross 
was  trying  to  depress  it  to  the  parting  between  the  Arapahoe  and  the  for- 
mation below  it 

It  was  thought  by  Cross  that  the  Iveds  of  the  Judith  River  valley  might 
be  the  equivalent  of  the  Arapahoe  beds;  but  it  has  since  been  conclusively 
shown  by  Stanton  and  Hatcher  that,  instead  of  being  younger  than  the 
dei)osits  called  by  Cross  the  Laramie,  the  Judith  beds  are  older  than  the 
Fox  Hills,  older  than  the  upt>er  part  of  the  Pierre. 

Within  the  past  two  years  the  discussion  of  the  subjects  named  above 
has  again  broken  into  flame  and  a  number  of  papers  have  appeared,  all 
presenting  most   instructive  fa<^ts  and  suggestions,  but  very  diverse  con- 
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elusions/  Whether  the  name  I^*j ramie  shall  he  restricted  to  the  lower  of 
the  three  divisions  found  in  the  Denver  hasin  and  its  equivalents  else- 
where, as  proiwsed  by  Cross  and  Eldridge,  Knowlton  and  Penle;  or  to 
one  or  both  of  the  upper  divisions,  as  advocated  by  Veatch;  or  retained 
to  designate  all  the  formations  between  the  Fox  Hills  and  the  Fort  Union; 
or  wholly  abandoned,  is  yet  to  be  settled;  and  with  this  I  have  nothing  to 
do.  It  is  the  purpose  of  the  present  paper  to  show  that  those  deposits  that 
lie  above  the  Fox  Hills  and  are  known  to  contain  remains  of  dinosMure; 
more  specifically  the  Laramie,  as  understood  by  Cross  and  Eldridge;  the 
Arapahoe  and  the  Denver  of  Colorado;  the  I.ance  Creek,  or  "Ceraitops." 
beds  of  Converse  County,  Wyoming;  the  Hell  Creek  beds  of  Montana; 
and  the  beds  underlying  the  Puerco  in  New  Mexico,  ought  not  to  be  re- 
fen-ed  to  the  Tertiary,  but  to  be  retained  in  the  Upper  Cretaceous. 

2.     Nkcesstty  for  Accurate  Correlation  of  the  Primary  Divisions  of 
THE  Geological  Colimn  in  the  Different  Continents. 

It  appears  to  the  writer  that  it  is  a  matter  of  great  importance  tliat 
the  primary  divisions  of  geological  time,  the  ages  and  the  periods,  and  the 
corresponding  systems  of  rocks  of  all  parts  of  the  world  should  as  far  as 
possible  coincide.  By  this  is  meant  that  geologists  should  not  (to  employ 
an  illustration)  include  in  the  Lower  Cretaceous  any  deposits  of  one  con- 
tinent that  were  being  formed  synchronously  with  Jurassic  deposits  of 
another  continent  Nor  ought  they  to  include  in  the  Tertiary  of  America 
any  formations  that  are  the  time  equivalents  of  Euroiiean  Cretaceous  for- 
mations. It  may  be  a  matter  of  great  difllculty  to  attain  agi'eement  in 
some  cases,  but  it  ought  to  be  resolutely  striven  after.  And  in  this  con- 
nection the  writer  indorses  fully  the  quotation  made  by  Mr.  Cross  (Proc. 
WaslL  Acad.  Sci.,  xi,  p.  4(J)  from  Dr.  C.  A.  White's  address.  It  may  be 
added  that  modification  of  the  primary  divisions  ought  to  be  made  by  in- 
ternational bodies  of  g(H>h)gists  and  i)aleontologists. 

The  reasons  why  the  primary  divisions  of  geological  history  should  l>e 
fixed  as  accurately  as  possible,  even  tliough  arbitrarily,  seem  to  Ikj  simple 
enough.     Geology  is  the  history  of  the  development  of  the  earth  and   its 


1  Veatch,  A.  C,  Anier.  Tour.  Scl.  (4),  xxlv.  1907,  pp.  18-22. 
Cross.  Whitman.  Proc.  Washington  Acad.  Scl..  xl.  1909,  pp.  27-4.'.. 
Knowlton,  V.  11..  Washhijjton  Acad.  Scl..  xl.   1909,  pp.  179-2;JS 
Stanton.  T.  W..  Washington  Acad.  Scl..  xl.  1909.  pp.  239  29:J. 
IValc.  -\.  C.  .\mer.  .lour.  Scl.   (4),  xxviil.  pp.  4r»  r»S. 
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InhnbitnntR.  For  sufnolent  reasons  we  divide  this  history  into  prinoipnl 
and  sulK>rdinate  imrtions,  eacli  liaving  its  own  cliaracteristics.  Eacli  con- 
tinent has  had  its  own  course  of  develoimient.  piiysical  and  l)ioloKical,  this 
course  sometimes  agreeing  only  in  a  general  way  witli  tliat  of  otlier  cronti- 
nents,  l)eing  perhaps  aliead  of  them  or  l)ehind  them,  possibiy  sometimes 
only  different  In  order  to  compare  and  describe  contemi)orary  conditions 
In  different  lands  there  must  be  a  few  fixed  dates  from  which  to  reckon 
the  march  of  time  and  progress.  These  dates  are  found  in  the  limits  be- 
tween the  primary  divisions,  as  that  between  the  Siluriam  and  the  De- 
vonian or  that  between  the  Cretaceous  and  the  Tertiary.  In  a  similar 
way  we  orient  the  history  of  even  a  savage  i people  with  reference  to  such 
dates  as  the  founding  of  Rome  and  the  birth  of  Christ. 

.3.    The  Primary  Divisions  of  Geological  Time  Are  Not  Usually  Indi- 
cated BY  Great  Unconformities. 

Inasmuch  as  tliose  geologists  and  paleontologists  who  favor  the  refer- 
ence of  the  Arapahoe  and  the  Denver  beds  of  Colorado,  the  Lance  Creek 
beds  of  Wyoming  and  the  Hell  Creek  beds  of  Montana  to  the  Eocene,  give 
as  their  principal  reason  therefor  the  existence  of  a  great  unconformity 
between  the  Arapahoe  and  the  formation  immediately  below  it,  while  there 
api)ears  to  be  no  similar  unconformity  below  the  B^ort  Union,  it  may  be 
worth  while  to  examine  the  adequacy  of  the  reason.  1  l)elieve  that  it  Is 
fallacious. 

It  is  possible  that,  as  Chamberlin  and  Salisbury  suggest  In  their  gen- 
eral work  on  geology  (Geology,  iii.  [».  192),  there  is  a  natural  basis  for  the 
hirger  divisions  of  geological  history;  that  this  basis  is  to  be  found  in 
the  t>rofounder  changes  In  the  earth's  crust;  and  that  this  basis  is  of 
world-wide  application.  This  suggestion  may  be  accepted  as  valuable 
without  its  arousing  the  exi>ectation  that  a  great  stratigraphleal  break 
will  be  disc*overed  everywliere  between  each  great  rcK*k  system  and  its 
predecessor  and  its  suwessor.  As  a  matter  of  fact,  as  geological  historj* 
is  now  understood  and  now  divided,  such  breaks  are  not  commonly  found. 
I  will  quote  from  Geikie's  Text-lMK)k  (►f  Geology,  ed.  4.  1903,  p.  1081 : 

Though  no  geologist  now  admits  the  abrupt  lines  of  division  which 
were  at  one  time  believed  t<»  mark  off  the  limits  of  geological  sjrstems  and 
to  bear  witness  to  the  great  terrestlal  revolutions  by  wliich  these  systems 
were  supixised  to  have  been  terminated,  nevertheless  the  influenc*e  of  the 
ideas  which  gave  life  to  these  banished  beliefs  Is  by  no  means  extinct. 
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On  page  981  the  author  quoted,  in  si)caking  of  the  Old  Red  Sandstone, 
says: 

♦  ♦  ♦  in  innumerable  sections  wliere  the  lowest  strata  of  the  sys- 
tem are  found  graduating  downward  into  the  top  of  the  Ludlow  group; 
and  where  its  highest  beds  are  seen  to  pass  up  into  the  base  of  the  Car- 
boniferous system. 

On  page  9S2  one  reads  as  follows : 

The  rocks  termed  Lower  Devonian  may  partly  represent  some  of  the 
later  phases  of  Silurian  life.  On  the  other  hand,  the  upper  parts  of  the 
Devonian  system  might  in  several  resjiects  be  claimed  as  fairly  belonging 
to  the  Carboniferous  sjrstem  alwve. 

As  to  the  relation  of  the  Lower  Carboniferous  to  the  Devonian,  Geikie 
(Text-book,  p.  1014)  says: 

Both  in  Europe  and  America  it  may  be  seen  passing  down  conform- 
ably into  the  Devonian  and  the  Old  Red  Sandstone.  So  insensible  indeed 
is  the  gradation  in  many  consecutive  sections  where  the  two  systems  join 
each  other  that  no  sharp  line  can  be  drawn  between  them.  The  strati- 
graphicjil  passage  is  likewise  frequently  associated  with  a  corresponding 
commingling  of  organic  remains. 

Chamberlin  and  Salisbury  (Geology,  ii,  p.  499)  tell  us  that  the  transi- 
tion from  the  Devonian  to  the  Mississippian  seems  to  have  been  accom- 
plished without  notable  deformative  movement.  Also  (p.  518)  it  is  stated 
that  the  Devonian  fauna  passed  by  graduation  into  the  Mississlppian. 

There  exists  in  many  places  the  same  doubt  regarding  the  boundary 
line  l>etween  the  CarlK>niferous  and  the  Permian,  (ireikie  (Text-book,  p. 
KXH)  states  that  in  the  Midlands  and  the  west  of  England  no  satisfactory 
line  can  be  drawn  between  the  two  systems;  (p.  1065)  that  the  flora  of 
the  older  Pennian  rocks  presents  many  points  of  resemblance  to  that  of 
the  Carboniferous;  (p.  10G3)  that  in  North  America  no  good  line  of  sub- 
division exists  between  Permian  and  Carboniferous;  so  certain  deposits 
are  called  Permo-CarlKmiferous:  (p.  1077)  that  in  Russia  the  Permian 
attains  an  enormous  develoiiment,  the  horizontal  strata  nearly  lying  con- 
formably on  the  Carboniferous. 

Of  the  Permian  of  North  America  Chamberlin  and  Salisbury  write 
(Geology,  ii.  p.  620)  : 

The  upi)er  Barren  Measures  are  commonly  separated  from  the  Penn- 
sylvanian  on  the  basis  of  the  plant  species  rather  than  because  of  any 
stratigraphic  break  at  their  base. 
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The  Artinskian  of  Russia  is  placed  in  the  Permiuu  by  Lappareot  and 
Geikie,  but  in  the  Carboniferous  by  Tschernysehew.  a  distiuguished  Rus- 
sian geologist 

Similar  difficulties  are  encountered  in  various  parts  of  the  world  by 
geologists  when  they  attempt  to  draw  the  line  l)etween  the  Paleozoic  and 
the  Mesozoic  systems.  (Miamberlin  and  Salisbury  (Geology,  11,  p.  631) 
have  this  to  say: 

The  Permian  system  of  EuroiK)  seems  to  be  more  closely  allied,  strati- 
graphically,  with  the  Trias  than  with  the  Carboniferous,  and  while  the 
same  is  true  of  the  western  part  of  America,  the  opposite  is  true  for  the 
eastern  part 

We  have  the  statement  of  Gcikie  (Text-book,  p.  1084)  that  in  some 
regions,  as  in  England,  no  very  satisfactory  line  of  demarcation  can  al- 
ways l)e  drawn  between  Permian  and  Triassic  rocks. 

Nor  are  geologists  free  from  embarrassments  when  they  endeavor  to 
classify  the  Mesozoic  and  the  Tertiary  formations.  The  Rhietic  is  ar- 
ranged by  Geikie  in  tlie  Triassic,  by  Lapparent  in  the  Jurassic.  Clark  and 
Bibbins  express  d<mi>t  regarding  the  position  of  the  two  lower  divisions  of 
the  Potomac  formation  of  the  eastern  United  States.  They  refer  than 
I)rovisionaily  to  tlie  Jurassic;  the  other  Uvo  divisions  are  unhesitatingly 
t>laced  in  tlie  liower  l^rotncODUS.  According  to  Chamberlin  and  Salisbury, 
tlie  fossils  of  the  Trinity  division  of  the  Ctananchean  system  have  raised 
the  question  of  its  reference  to  tlic  Jurassic.  An  indefinite  number  of 
similar  cases  could  Im?  citeil. 

The  illustrations  i)resented  sliovv  that  the  great  divisions  of  geological 
record  are  not  even  commonly  seimrated  by  physical  breaks,  great  or 
small.  It  would  i>e  quite  as  easy  to  show  that  important  unconformities 
occur  witliin  the  limits  of  systems  of  rocks.  A  few  cases  only  need  be 
cited.    Tlie  following  is  quoted  from  Geikie  (Text-book,  p.  1(K)7)  : 

Tlie  Old  Red  Sandstone  of  Britain,  according  to  the  author's  re- 
searches, consists  of  two  sulxlivisions,  the  lower  of  which  passes  dowD 
conformably  into  the  Upi)er  Silurian  deposits,  the  upper  shading  off  In 
the  same  manner  into  the  base  of  the  Carboniferous  system,  while  they  are 
separated  from  each  other  by  an  unconformability.  ♦  •  ♦  [In  Scot- 
land] It  consists  of  two  well-marked  groups  of  strata,  separated  from  each 
other  by  a  strong  unconformability  and  a  complete  break  in  the  auccefr 
sion  of  orgjinic  remains. 
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Oelkio  states  further  (p.  114<»)  thar  a  considerable  stratigraplilml  and 
pale<»ntol<>pir-al  break  is  to  Ik?  roniarktMl  at  the  line  lK»tw(»eu  tlie  Portlantlian 
and  the  PurlMM-kian.  (*banil>er!in  and  Salislairy  ((i<M»lo;;y.  ii.  p.  <J31»)  tell 
us  that  the  close  of  the  Paleozuic  was  niarkwl  by  niiK-h  more  considerable 
geographic  changes  than  the  close  of  any  period  since  the  Algonkian. 
The  stiitenient  is  qualitie<l  by  the  remark  that  these  changes  may  Ik?  said 
to  have  been  In  progress  during  the  Permian  rather  tlian  to  have  occurred 
at  its  close. 

4.    The  Principal  Divisions  of  (Jeolocjical  History  Are  Based  on  Fossil 

Organisms. 

It  may  therefore  be  confidently  nftirmed  that  the  primary  divisions 
of  ge<)l(»gical  history,  as  this  history  is  now  understood,  are  not  based  on 
nncrmformities  and  deformations,  great  or  small,  between  the  successive 
formations,  but  they  are  based  on  the  history  of  the  plants  and  animals 
whose  remains  have  become  entombed  in  the  rocks.  I  will  here  quote 
from  Lapparent  (TraitO  de  (i^ologie.  eii.  5.  p.  717)  : 

II  rfisulte  de  ces  diverses  considerations  que  les  seules  ressources  de  la 
stratlgraphie,  si  pr^-leuses  et  si  indlspen sables  qu'elles  puissent  etre,  sont 
insnftisantes  pour  rC'tablissement  des  grandes  divisions  de  la  g^ologie.  11 
faut  done  recourir  A  quelqu'argument  d'une  i)ort^  plus  g6n(?rale.  Cet 
argument,  nous  allons  le  trouver  dans  la  consideration  des  faunes  et  des 
tiores  fosslles. 

It  must  not  be  supposed  that  the  writer  wishes  to  underestimate  the 
value  to  the  geologist  of  changes  in  the  materials  that  constitute  suc- 
cessive t>eds.  of  deformations  of  surfaces,  or  of  unconformities,  erosioual 
and  angular.  All  these  indicate  the  physical  changes  that  the  earth  was 
undergoing  and  mark  the  subordinate  and  more  or  less  local  divisions  of 
geological  history.  Naturally  the  geologist  In  the  field  searches  for  such 
interruptions  in  the  cfourse  of  deposition  and,  following  a  bent  very  hu- 
man, he  may  come  to  attach  somewhat  undue  importance  to  them.  In 
any  ease,  however,  final  recourse  must  be  had  to  the  fossils  enclosed  In 
the  rocks.  Fossils  are.  to  use  a  figure,  the  sands  that,  from  the  hour- 
glass of  the  universe,  have  in  an  uninterrupted  stream  dropped  Into  the 
successive  strata  to  mark  the  passage  of  time.  Local  Interruptions  of 
sedimentation  enable  us  to  note  the  changes  undergone 'by  the  organisms 
that  then  existed ;   but  whether  there  were  breaks  In  deposition  or  not,  the 
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evolution  of  the  organisms  went  steadily  on.  The  smaller  clirl^iom  of 
time  are  markecl  by  the  less  important  elianges  tliat  the  animals  and  plantJ* 
suffered;  while  the  primary  divisions  are  signalize<l  by  the  profoiinder 
niodifleations  of  the  living  beings.  These  primary  divisions  are  often  in- 
dicated by  such  phrases  as  the  age  of  moiUislcs,  the  age  of  fishes,  and  the 
age  of  mammals.  As  there  were  no  universal  cataclysms  that  character- 
ized the  terminations  of  the  ages  and  the  eras,  so  there  were  no  sudden 
changes  in  the  nature  of  the  animals  and  the  [dants.  The  boundaries  be- 
tween the  successive  ages  and  the  successive  eras  must  therefore  be  more 
or  less  arbitrarily  drawn.  If  one  era  is  characterized  by  nameroos 
l>owerfuI  reptiles  and  a  few  inconspicuous  mammals,  while  the  next  era 
presents  mammals  as  the  dominant  animals,  the  reptiles  as  decadent  we 
must  draw  the  line  to  suit  our  convenience  and  to  express  best  the  facts; 
but  in  the  end  it  will  be  drawn  more  or  less  arbitrarily. 

To  appreciate  the  futility  of  seeking  for  great  unconformities  between 
the  rock  systems  one  has  only  to  consider  the  relations  of  the  Upper 
Cretaceous  to  the  Tertiary  in  Euroiwj.  Lyell  regarded  the  Thanet  sand* 
and  certain  equivalents  in  France  and  Belgium  as  the  base  of  the  Eoceie. 
Between  this  and  the  Upper  Cretaceous  there  appeared  to  be  one  of  the 
profoundest  breaks  in  geological  history.  Lyell  says  that  the  interval  be- 
tween the  Upper  Cretaceous  and  the  Eocene  must  have  been  greater  than 
that  between  the  Eocene  and  the  present.  More  recent  investigationfi 
have  shown  that  even  in  the  north  of  Euroi>e  there  are  deposits  of  no  great 
thickness  that  partly  fill  the  gap  between  the  two  systems ;  while  it  is  al- 
most filled  in  the  south  of  that  country. 

The  conclusion  applicable  to  the  question  being  considered  which  I 
reach  is  that  the  magnitude  of  the  break  below  the  Arapahoe  formation 
in  the  Denver  basin  has  little  or  nothing  to  do  with  the  determination  of 
the  boundary  line  between  the  Mesozoic  and  the  Cenozolc.  The  poflitloo 
of  this  line  is  to  ])e  settled  through  the  study  of  the  organic  remains  found 
below  and  above  the  unconformity  and  the  comparison  of  these  with  the 
fossils  found  at  corresponding  levels  in  regions  geologically  better  under- 
stood. If  the  ensemble  of  the  organisms  found  in  the  Arapahoe,  the  Den- 
ver, the  Lance  Creek  and  the  Hell  Creek  beds,  is  essentially  of  Upper  Cre- 
taceous nature,  on  comparison  with  ac*c*epted  standards,  those  beds  beloni^ 
to  the  Mesozoic,  hot  to  the  Cenozolc.  notwithstanding  the  great  uncon- 
formity. 


285 

As  has  already  been  wiid  and  is  well  known,  the  base  of  the  Eocene 
was  established  just  below  the  Thanetian  of  England  and  its  continental 
er|uivalents;  and  this  line  of  separation  of  the  Cenozoio  from  tlie  Mesozoic 
lias  been  recognized  by  practically  all  geologists  since  Lyell's  time.  Con- 
sidering the  great  gap  between  the  two  systems,  as  known  in  Euroi^e  at 
that  time,  the  separation  did  not  api)ear  to  be  at  all  an  arbitrary  one.  In 
his  **Text-book  of  Geology,"  edition  of  1896,  Geikie  placed  the  Montian  in 
the  Eocene,  but  in  the  edition  of  1903  this  formation  is  restored  to  the 
Upper  Cretaceous.  Lapparent,  too,  draws  the  line  above  the  Montian. 
Nor  does  this  manner  of  division  api)ear  to  arouse  objections  on  the  part 
of  the  paleontologists. 

If,  therefore,  American  geologists  and  paleontologists  wish  to  have  the 
t)oundary  line  between  the  Mesozoic  and  the  Cenozoic  of  their  country 
coincide  with  that  of  Europe,  the  type  continent  of  the  base  of  the  Eocene, 
it  will  be  necessary,  unless  there  are  compelling  reasons  foi:  the  contrary, 
to  make  the  base  of  our  Eocene  the  equivalent  of  the  Thanetian  of  Europe. 
I  believe  that  geologists  and  paleontologists  generally  will  give  assent  to 
this  proposition. 

It  is  well  understood  that  in  the  determination  of  the  level  of  any 
geological  formation  not  all  kinds  of  fossils  are  of  equal  value;  some  are 
indeed  of  little  value.  It  is  agreed  that  the  marine  animals  record  most 
accurately  the  progress  of  geological  time,  because  of  their  abundance, 
their  wide  distribution,  the  slow  and  stead>'  changes  which  they  undergo 
during  geological  periods,  and  the  facility  with  which  they  l)ecome  en- 
tombed in  accumulating  sediments.  Furthermore,  of  marine  si)ecles  the 
pelagic  forms  are  of  greater  value,  because  their  remains  are  dropped  in- 
discriminately into  deposits  of  all  kinds,  thus  enabling  geologists  to  c*or- 
relate  formations  widely  separated  and  composed  of  very  different  ma- 
terials. Terrestrial  animals  are  of  less  value.  They  are  subject  to  rapid 
and  extreme  changes  in  their  environment  through  changes  in  climate  and 
through  sudden  migrations.  They  suffer  accordingly  rapid  modifications 
in  their  structure  or  sudden  extinction.  They  are  also  less  likely  to  l>e 
preserved  in  the  rocks.  Every  shell  in  an  oyster  bed  may  be  preserved, 
while  from  a  million  horses  but  a  single  tooth  may  escape  destruction. 
In  an  interesting  address  at  the  meeting  of  the  British  Association  at 
Montreal,  in  1884,  Blanford  gave  It  as  his  opinion  that  determinations  of 
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jCO<)ln^i<'al  age  hnstNl  on  terrestrial  and  freshwater  faunas  and  floras  only 
are  extremely  likel.v  ti)  In*  incorreet. 

I'nfortnnately  for  ns.  the  dei)()Sits  in  which  we  are  now  esiK»eially  in- 
tereste<l  contain  few  or  no  marine  orj^anisms,  bnt  abundant  freshwaiter 
and  terrestrial  animals  and  numerous  plants.  We  must  therefore  reach 
our  conclusions  by  somewhat  indirect  methods  and  must  be  on  our  gunrd 
against  errors.  Still  more  unfortunately  for  us,  the  paleozoologists  and 
the  imleobotanists  have  not  attained  the  same  results  from  their  studies. 

5.     The  Value  of  Plants  as  Indices  of  Geological  Dates. 

I  trust  that  the  paleobotanists  will  not  charge  me  with  trying  to  dls- 
fjarage  their  science  when  I  pr(x»eed  to  sliow  that,  in  the  present  case  at 
least,  their  results  are  less  to  be  deiiended  on  than  those  obtained  by  the 
paleozoologists.  Without  doubt,  the  plants  have  as  interesting,  as  trust- 
worthy, and  aiS  valuable  a  story  to  tell,  when  rightly  decii>liered.  as  do  the 
animals.  It  seems,  however,  that  in  scnne  cases,  other  than  the  <.ne  before 
us,  the  significance  of  fossil  plants  has  nat  been  rightly  comjirehended.  In 
Blanford's  address,  cited  above,  he  mentions  two  imi)ortant  cases  in  which 
the  determination  of  the  age  of  certain  formations  have  contradicted  those 
made  from  the  marine  animals.  One  case  is  found  in  the  Gondwana 
system  of  India,  where,  as  Blanford  says,  "we  have  a  Rluetic  flora  over- 
lying a  Jurassic  flora  and  a  Triassic  fauna  above  Imth."  Again  he  states 
that  "in  Australia  we  find  a  Jurassic  flora  associated  with  a  Carl)onIferons 
marine  fauna  and  overlain  by  a  Permian  freshwater  fauna." 

The  following  is  quoted  from  Lapparent  (Traitc,  p.  718)  : 

A  plus  d'une  reprise,  r6tude  des  flores  terrestres  a  paru  donner  des 
indications  contradictoires  avec  celles  des  faunes  marines;  et  en  demi^re 
analyse  la  question  a  toujours  OtO  tranchfe  en  faveur  do  ces  derniOres. 

Gelkle  makes  the  following  observation : 

Certainly  a  number  of  instances  are  known  where  an  older  tyiie  of 
marine  fauna  is  associated  with  a  younger  type  of  flora. 

One  reason  why  plants,   at  least  those  of  the  northern  hemisphere, 

which  have  existed  since  the  beginning  of  the  Upi)er  Cretaceous,  seem  to 

\ye  of  only  secondary  value  in  correlating  formations   is  found   in   their 

apparently  extreme  conservatism.     While   the  species  liave  changed,   the 

genera  have  changed  little.     As  an  illustration  of  this,  one  may  take  the 

list  of  plants  publlslied  by  Doctor  Knowlton   (Wash.  Acad.  Scl.,  xi,  1909, 
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p.  219)  as  occurring  in  what  he  is  pleased  to  call  the  lx)wer  Fort  Union, 
bat  which  includes  the  Lance  Creek  and  Hell  Creek  beds  and  their  sui)- 
posed  equivalents.  One  might  almost  imagine  it  to  be  a  list  of  plants 
found  in  a  recently  investigated  comer  of  the  world  on  the  latitude  of 
Louisiana.  On  page  225  it  is  stated  that  a  number  of  species  are  yet  liv- 
ing, while  others  are  so  obviously  close  to  living  species  as  to  be  separated 
with  difficulty.  Such  inert  organisms,  subject  also  to  all  the  vicissitudes 
of  life  on  the  land,  can  hardly  be  regarded  as  good  indicators  of  the  pas- 
sage of  time.  Since  that  epoch  the  genera,  families,  and  even  orders  of 
warm-blooded  vertebrates  have  almost  completely  changed. 

The  opinion  held  by  some  distinguished  geologists  and  paleontologists 
that  the  so-called  Laramie  beds,  or  all  of  these  except  the  lowest,  belong 
to  the  Tertiary  appears  to  have  rested  until  recently,  at  least,  mostly  on 
the  statements  of  Professor  Leo  Lesquereux,  the  paleontologist  of  the 
Hayden  Survey.  He  and  Dr.  Hayden  at  first  regarded  these  deposits  as 
belonging  to  the  Miocene,  but  later  as  belonging  to  the  lowermost  Eocene. 
Passing  over  liCsquereux's  earlier  writings  I  refer  to  one  of  his  latest 
utterances  on  the  subject,  found  in  the  eighth  volume  of  the  monographs 
of  the  Geological  Survey  of  the  Territories,  part  three,  published  in  1883. 
On  page  109  lA^scpuM-eux  makes  this  statement: 

The  flora  of  tlie  I^aramie  group  iias  a  relation,  remarkably  defined, 
with  that  of  S^»zanne. 

Now,  the  flora  of  S6zanne,  a  town  in  France,  comes  from  beds  that 
belong  to  the  Thanetian,  at  the  very  base  of  the  I^iwer  Eocene.  Les- 
(piereux's  statement  Is  followed  by  a  table  of  the  species  which  he  sup- 
posed had  been  found  in  the  Laramie  at  various  localities.  The  beds  at 
some  of  these  localities  are  now  known  to  be  somewhat  older  than  any 
Laramie,  those  at  one  or  two  localities  a  little  younger  than  Laramie.  In 
the  table  is  a  column  in  which  are  checked  off  the  species  of  Laramie 
plants  that  Lesquereux  believed  to  be  identical  with  or  closely  related  to 
species  found  at  Sfeanne;  in  another  coluum  the  species  that  he  supposed 
were  found  also  in  the  Oligocene  of  Europe;  in  a  third  column  those  that 
he  believed  to  occur  also  in  Buroi)ean  Miocene  deposits.  Naturally,  one 
would  expect,  in  view  of  liCstiuereux's  statement  quoted  above,  that  the 
identical  and  closely  related  species  of  the  Suzanne  column  would  out- 
number those  of  the  Miocene  column.  On  the  contrary,  only  three  si)ecles 
were  regarded  by  him  as  identical  with  S^aune  species,  while  twenty- 
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seven  si>ecies  are  recorded  as  identical  with  European  Miocene  species. 
If  we  count  in  each  case  the  plants  that  were  supi)osed  to  he  closely  re- 
lated to  the  European  species,  but  not  identical,  we  find  twenty-five  in  the 
S^anne  column  and  thirty  three  in  the  Miocene  column.  Adding:  the 
ldentic»al  and  the  related  species  in  each  case  it  is  seen  that  there  are  in 
the  Suzanne  column  twenty-eight  species,  sixty  in  the  Miocene  column. 
Therefore,  it  becomes  difficult  to  understand  how  Professor  Lesquereux 
derived  his  conclusion  from  his  premises.  What  his  table  really  proved 
was  that  the  Laramie  deiK>sits  belong  to  the  Miocene.  Had  Cope  and 
other  paleontologists  examined  the  table  itself,  instead  of  accepting  the 
autlior's  statement  regarding  it.  they  would  either  have  distrusted  the  evi- 
dence from  the  plants  more  than  they  did  or  would  have  concluded  that 
the  dinosaurs  ranged  up  into  the  Miocene. 

It  is  not  to  be  supposed  that  all  paleobotanists  accepted  Lesciuereux's 
views.  These  views  were  strongly  opposed,  especially  by  Newberry,  as 
early  as  1874  and  as  late  as  1889.  The  following  is  quoted  from  New- 
berry (Trans.  N.  Y.,  Acad.  Sci.,  Ix,  1889,  p.  28)  : 

If  Prof.  Cope  had  not  accepted  Mr.  Lesquereux*s  conclusion  in  regard 
to  the  age  of  the  deposit  [at  Black  Buttes],  and  had  recognized  the  fact 
that  there  are  no  Tertiary  plants  in  the  true  Laramie,  he  would  have  seen 
that  there  is  no  discrepancy  between  the  testimony  of  the  plant  and  animal 
remains. 

It  is  to  be  taken  into  consideration  here  that  Newberry  believed  that 
the  Laramie  was  directly  overlain  by  the  Fort  Union.  The  latter  beds 
have  usually  been  regarded  as  belonging  to  the  Eocene.  However,  the  fol- 
lowing may  he  quoted  from  I^ester  F.  Ward,  who  had  studied  especially 
collections  of  plants  from  tlie  Fort  Union  deiwslts  (Bull.  Ueol.  Soc.  Amer.. 
i,  1890,  p.  531)  : 

In  fact,  the  material  from  the  Fort  Union  formation  wliich  is  still  in 
my  hands  inclines  me  to  l>elievo  tlint  there  would  really  be,  as  I  then  statcnl, 
no  inconsistency  in  assigning  to  the  Fort  Union  an  age  as  ancient  as  the 
closing  period  of  the  Cretaceous  system. 

0.    The  Completeness  of  Record  of  Animal  Like  as  Compared   With 

That  of  Plant  Life. 

There  is,  in  the  present  state  of  knowledge,  a  great  contrast  bet^'een 
the  incompleteness  of  the  plant  record  above  the  Fox  Hills  formation  and 
the  fullness  of  the  animal  record.    Plants  are  abundant  throughout  the 
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series  that  has  l)een  called  r-4iriimie  aud  in  tlie  Fort  Union.  Apiin.  they 
are  found  in  tlie  Green  River  beils,  in  the  White  lUver  beils,  and  in  tlie 
deposits  at  Florissant.  Colorado.  Otherwise,  the  re<'ord  is  mostly  missing. 
On  the  other  hand,  the  history  of  the  vertebrates  is  (juite  full.  Between 
the  Fox  Hills  and  the  present  time  there  are  linown  probably  nearly  twenty 
distinct  faunas  and  it  has  been  found  jKJSsible  to  correlate  these  in  most 
cases  closely  with  European  faunas.  With  such  a  series  at  connuand,  the 
extremes  of  which  differ  enormously,  while  tlie  mean  terms  sometimes 
grade  into  their  successors,  at  other  times  differ  greatly  fnmi  the  next 
comers,  the  paleontologist  need  not  go  far  astray  in  determining  the  proper 
level  of  each  fossil-bearing  deiwsit.  It  may  l)e  remarked  that  when  the 
paleobotanist  refers  the  (ireen  River  beds  to  the  Oligocene,  while  the  ver- 
tebrate paleontologists  init  them  at  the  bottom  of  the  middle  Eocene,  a 
serious  dislocation  of  views  is  indicated. 

7.     TuE  Beginning  of  the  Eocene  in  Europe  and  America. 

Wlien  one  c*omes  to  correlate  formations  in  America  with  those  of 
distant  countries  great  ditticultlea  are  likely  to  be  exi)erienceil.  Interrup- 
tions in  stratiflcation  are  not  likely  to  occur  at  the  same  time  in  America 
and  Europe  and  Asia.  On  account  of  differences  in  the  character  of  the 
deposited  materials,  the  climate,  the  interposition  of  barriers,  and  other 
features  of  environment,  the  containe<l  organisms  must  differ  to  a  greater 
or  Ichs  extent.  In  the  case  of  the  l)eds  about  which  exists  cmr  dispute, 
they  are  neither  of  marine  origin  nor  in  contact  with  strata  of  purely 
marine  origin.  Hence  they  cannot  be  compare<l  directly  with  either  the 
tyi>ical  uppermost  Cretaceous  deiwsits  of  Euroiie.  the  Danian,  nor  with 
the  Thanetian.  the  lowermost  European  Eocene.  The  Lance  Creek  l»ed8, 
the  Hell  Creek  beds,  and  others  related  to  them  have  been  prcKluced 
mostly  through  the  action  of  fresh  waters  and  they  contjiin  remains  of  laml 
plants,  freshwater  mollusks  and  tishes,  reptiles  inhabiting  the  water  and 
the  land,  and  a  few  terrestrial  mammals.  In  such  a  situation  we  must 
have  recourse  to  indirect  meaiLS  of  correlation. 

In  the  vicinity  of  Rheiins,  France,  in  dei)osits  belonging  to  the  Thane- 
tian, there  has  been  found  a  considerable  number  of  genera  and  species 
of  extinct  mammals,  together  with  some  birds,  reptiles,  and  fishes.  The 
mannnals  have  been  studied  and  described  by  Lemoine.  On  the  strength 
of  this  fauna  these  Cernaysian  beds  were  correlated  with  the  Puerco  at  a 
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time  when  this  term  was  ai)plie(l  to  beds  now  separated  and  known  as 
INierco  and  Torrejon.  There  is  thus  furnislied  a  means  of  be^innini?  a 
correlation  of  our  land  and  freshwater  Tertiary  deposits  with  those  of 
Europe;   but  we  newl  ever  to  keep  in  mind  the  i)()ssibilities  of  error. 

I  believe  that  any  one  who  may  carefully  compare  the  Cernnysian 
fauna  with  the  faunis  of  our  Puerco  and  Torrejon  must  conclude  that  the 
Cernaysian  corresponds  more  closely  with  that  of  our  Torrejon  than  with 
that  of  the  older  Puerco.  I  find  that  Osbom  had  reached  this  conclusion 
In  1000  (Ann.  N.  Y.  Acad.  Sci.,  xiii.  pp.  9.  10)  :  and  in  his  latest  matter 
on  the  subject  he  correlates  the  Torrejon  with  the  Thanetian,  or  Cernay- 
sian (Bull.  301,  U.  S.  Geol.  Surv.,  p.  M).  Indeed,  it  seems  not  Improbable 
that  the  Cernaysian  is  a  little  more  re<»ent  even  than  our  Torrejon. 

It  has  been  demonstrated  that  at  least  a  part  of  the  Fort  Union  few- 
mation  Is  the  equivalent  of  the  Torrejon.  Hence,  wherever  the  latter  is 
put  the  Fort  Union  or  .some  part  of  it  must  go.  The  base  of  the  Tertiary 
being  drawn  In  Europe  at  the  bottom  of  the  Thanetian,  there  appears  to 
be  no  good  reason  why  In  our  country  it  should  not  be  drawn  above  the 
Puerco,  possibly  above  the  Torrejon  and  the  Fort  Union.  Certainly,  virhen 
geologists  and  vertebrate  paleontologists  have  consented  to  include  the 
Puerco  and  the  Torrejon  in  the  Eocene  they  have  lowered  the  base  of  the 
latter  formation  to  its  extreme  level.  To  include  now  in  the  Eocene  the 
"Ceratoi)s"  beds,  the  Hell  Creek  beds,  the  Arapahoe  and  the  Denver, 
would  be  to  add  to  it  some  hundreds  of  feet  of  deposits  which,  in  the 
opinion  of  vertebrate  paleontologists,  contains  a  considerably  older  fauna 
than  that  occurring  in  the  Cernaj'sian  beds,  and  which  with  equal  confi- 
dence the  invertebrate  paleontologists  refer  to  the  Cretaceous. 

8.     liEi^TioNsiiip  OF  Fauna  of  Lance  Crkkk  Epoch  to  Those  of  Puerco 

AND  Torrejon. 

Inasmuch  as  those  geologists  and  i»aleobotanists  who  favor  the  trans- 
ference of  a  large  part  of  the  Laramie  (as  formerly  understood)  to  the 
Tertiary  insist  that  the  fauna  of  the  Lance  Creek  and  the  Hell  Creek  beils 
is  more  closely  related  to  that  of  the  Puerco  and  that  of  the  Torrejon  than 
to  any  Cretaceous  fauna,  this  question  must  be  considered.  With  regard 
to  the  relationships  of  the  mammals  of  the  Lance  Creek  beds  to  those  of 
the  Puerco  and  Torrejcm  extremely  diverse  views  have  been  expressed. 
Marsh  (Amer.  Jour.  Sci.,  xliil.  1802.  pp.  2r)0,  251)  says  that  the  mammals 
of  the  Lance  Creek  deposits 
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are  not  transitional  l)etween  tlie  Mesozoic  and  Tertiary  forms,  but  their 
affinities  are  witli  tlie  former  beyond  a  doubt;  tbus  indicating  a  great 
faunal  broali.  *  *  *  and  the  great  brealt  is  t)et\veen  this  horizon 
[tlie  PeurcoJ  and  the  Cera  tops  beds  of  the  Laramie.  ♦  ♦  ♦  It  is  safe 
to  say  that  tlie  faunal  breali  as  now  linown  between  the  Laramie  and  the 
lower  Wasatch  [Puerco]  is  far  more  profound  than  would  be  the  case  if 
the  entire  Jurassic  and  the  Cretaceous  below  the  I^aramie  were  wanting. 

Cope  (Amer.  Naturalist,  xxvi,  1802,  p.  7G2).  quoting  from  Marsh  the 
words  **t!ie  more  the  two  [Laramie  and  Puerco]  are  compared  the  stronger 
the  contrast  between**,  adds: 

It  is  true  that  no  IJngulata  have  yet  been  found  in  the  Laramie,  while 
they  abound  in  tlie  Puerco,  but  we  cannot  be  sure  that  they  will  not  yet  be 
found ;  tlie  probabilities  are  that  they  existed  during  the  Laramie  and 
that  it  is  due  to  accident  that  they  have  not  been  obtained.  But  the  Multi- 
tuberculata  of  the  two  faunie  are  much  alike. 

Osborn  (Bull.  Amer.  Mus.  Nat.  Hist.,  v.,  1893,  p.  311)  writes: 

This  Laramie  fauna  is  widely  separated  from  the  Upper  Jurassic,  and 
is  more  nearly  parallel  with  the  basal  Eocene  forms  of  the  Puerco  and  tlie 
Cernaysian  of  France.  *  *  *  These  conclusions  are  directly  the  re- 
verse of  those  expressed  by  Marsh  in  his  tliree  papers  upon  this  fauna. 

Cross  (Geology  of  the  Denver  Basin,  p.  220)  concludes  that  this  differ- 
ence of  opinion  dei)rives  the  mammalian  remains  of  much  of  their  value 
in  the  i)resent  discussion. 

To  the  present  writer  Mai-sh's  oi)ini(m  seems  to  be  erroneous.  Geo- 
logically, of  course,  the  Jurassic  mamnuils  are  much  farther  removed 
from  those  of  the  Lance  Creek  betls  than  the  latter  are  from  those  of  the 
I*uerco,  Torrejon,  and  Fort  Union.  The  same  remark  may  justly  be  made 
regarding  the  stage  of  development  attained  by  the  Jurassic  mammals. 
Systematically  considered,  the  case  is  different;  and  the  solution  of  the 
problem  depends  <jn  the  systematic  reiationsliijis  of  the  Jurassic  mammals 
to  those  of  the  Lance  Creek  beds  and  of  the  latter  to  the  mammals  of  the 
Puerco  and  Torrejon.  If  it  shall  result  that  all,  or  nearly  all,  of  the  Lance 
Creek  mammals  belonged  to  the  Marsupialia  and  the  Monotremata,  then 
Marsh's  opinion  will  be  in  great  measure  justified.  If,  on  the  other  hand, 
it  shall  be  shown  hereafter  that  a  large  number  of  the  Lance  Creek  mam- 
mals were  pla<entals  and  tlie  near-by  ancestors  of  the  Puerco  and  Torre- 
jon faunas  the  break  l)etween  the  former  and  the  latter  will  not  be  a  pro- 
found one:  nevertheless  more  important  than  formerly  supi)osed  by  Os- 
born. 
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It  must  be  understood  that  our  knowledge  of  the  mammals  of  the 
Lance  Creek  and  rehited  formations  is  of  a  very  unsatisfactory  kind. 
With  few  exceptions,  all  that  is  known  of  these  animals  has  been  derived 
from  their  teeth,  not  found  in  place  in  the  jaws,  but  scattered  singly 
through  the  rocks.  Better  known  are  the  Jurassic  mammals,  for  of  these 
many  jaws  have  been  secured.  Recently  considerable  light  has  been 
thrown  on  the  marsupials  of  the  Lance  Creek  and  Fort  Union  formations 
tlirough  the  discovery  of  the  skull  and  some  parts  of  the  skeleton  of 
PHloduH  (Gidley.  Proc.  V.  S.  Nat.  Mus.,  xxxvi,  p.  Gil).  The  other  genera 
await  elucidation.  OslK)rn's  statement  of  the  situation  may  be  accepted 
(Evolution  of  the  mammalian  molars,  1907,  p.  95)  : 

It  is  possible  that,  besides  Marsupials,  we  find  here  Insectlvore^, 
[irimitive  Carnivores,  and  the  ancestors  of  ancient  LTngulates;  but  it  is  ob- 
vious that  the  determination  of  relationships  from  such  isolated  materials 
is  II  very  difficult  and  hazardous  matter. 

Notwithstanding  this  appreciation  of  the  situation.  Professor  Osbom 
Iins  ventured  (op.  cit.,  pp.  12,  22,  115)  to  refer  his  Trituberculata,  Marsh's 
Pantotheria,  to  the  infraclass  Placentalia.  No  adverse  criticism  can  be 
made  on  this  procedure,  in  case  its  tentative  character  is  under8t(K)d. 

Now,  wliile  this  uncertainty  reigns  regarding  the  systematic  relation- 
ships of  the  mammals  of  the  Lance  Creek  and  related  deposits,  the  case  Is 
different  as  soon  as  attention  is  given  to  the  niannnals  of  the  Puerco.  Tor- 
rejon,  and  Fort  Union.  Some  of  them  l)etray  by  their  tooth  succession 
and  otiier  characters  that  they  are  true  placentals.  Many  of  them  may  be 
referred  with  confidence  to  orders  and  families  that  continued  long  after- 
wards, some  of  tlieni  probably  to  the  present  day. 

That  a  considerable  gap  existed  between  the  mammals  of  the  Lance 
Creek  formation  and  those  of  the  Puerco  and  Torrejcm  is  evident  from  the 
state  of  development  of  the  teeth.  Osborn,  speaking  of  the  teeth  of  the 
Ui)i)er  Cretaceous  mammals  [Lance  Creek]  says  (Bull.  Amer.  Mus.  Nat 
Hist.,  v.,  1893,  p.  321)  that  in  none  of  the  molars  hitherto  described  and 
in  none  of  his  collection  of  about  400  teeth  and  some  jaws  was  there  any 
trace  of  the  hypocone,  or  posterior  internal  tubercle.  Nor  was  any  hypo- 
cone  recognized  in  the  genera  described  by  him  in  1898  (Bull.  Amer.  MiMu 
Nat,  Hist,  X,  p.  171).  Undoubtedly,  however,  the  hypocone  is  .sometimes 
present  in  a  rather  rudimentary  condition,  as  I  have  observed  in  teetli 
shown  me  by  Mr.  Gidley.  of  the  U.  S.  National  Museum.    Nevertbekn. 
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the  teeth  of  all  the  mammals  of  the  Lance  Creek  stage,  except  those  of 
the  Allotheria.  are  triangular,  showing  that  the  possessors  were  either  In- 
sectivorous or  flesh-eating  in  their  hahits. 

On  the  other  hand,  there  are  several  genera  of  Puerco  mammals  that 
I>ossess  a  well  developed  hypocone  and  internal  cingulum.  In  some  cases, 
where  the  hypocone  had  no  great  development,  the  hinder  internal  part  of 
the  tooth  had  swollen  so  as  to  reduce  much  the  gap  between  the  successive 
teeth  and  produce  a  broad  triturating  surface.  In  Polymastodon,  which 
nnist  have  been  a  vegetarian,  an  extensive  triturating  surface  was  secured 
in  another  way.  It  presents  a  great  advance  over  the  teeth  of  any  of  the 
Lance  Creek  Allotheria.  If  it  is  considered  how  slowly  changes  in  tooth 
structure  had  advanced  during  the  Mesozoic  era  we  must  conclude  either 
that  a  considerable  interval  had  elapsed  between  the  Lance  Creek  epoch 
and  that  of  the  Puerco  or  that  the  animals  of  the  latter  were  not  de- 
scendants of  the  former. 

There  are  important  differences  between  the  mammals  of  the  Lance 
(.■reek  beds  and  those  of  the  Puerco  as  regards  the  size  attained.  Most  of 
the  former  are  of  insignificant  proportions,  resembling  in  this  respect  those 
of  the  Jurassic;  while  many  of  those  of  the  Puerco  are  large.  Further- 
more, there  was  in  the  manunals  of  the  Puerco  a  far  greater  variety  of 
form,  stru(tture,  and  systematic?  relationships  than  among  those  of  the 
Lance  Creek  mammals.  Of  the  latter,  there  have  been  described  about 
twenty-five  genera  and  alx)ut  forty-five  species,  most  of  them  by  Marsh. 
Osborn  has  regarded  himself  as  justifietl  In  reducing  these  to  about  ten 
genera,  these  lepresenting  a  very  few  families.  From  the  Puerco  Matthew 
(Bull.  .*W1,  U.  S.  Geol.  Surv.,  1909,  p.  91)  recognizes  twenty-nine  si>ecies, 
belonging  to  eighteen  genera  and  nine  families.  To  wliat  extent  this  in- 
creased diversification  of  the  mammalian  life  of  the  Puerco  is  due  to  im- 
migration we  can  not  now  tell;  but  it  does  not  seem  to  be  necessary  to 
assume  that  it  was  due  to  invasion  of  mammals  from  some  other  region. 
For,  in  view  of  the  interval  between  the  two  fonnations  that  is  indicated 
by  the  plants  and  reptiles,  it  is  possible  that  the  Puerco  mammals  are  the 
direct  descendants  of  those  of  the  Lance  Creek  epoch. 

In  case  there  was  no  serious  interruption  in  doiM)sition  l»etween  the 
I^ance  Creek  beds  and  the  Puerco  and  Fort  Union,  one  might  expect  to 
find  close  relationships  between  the  reptiles  of  the  two  levels.  Crocodiles 
are  not  abundant  in  either  and,  so  far  as  known,  no  species  passes  from 
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the  one  formation  to  the  other.  Champsosaiirua,  belonging  to  another 
order,  is  found  in  the  beds  of  the  Lance  Creek  region  and  at  Hell  Creek 
and  also  in  the  Puerco;  but  probably  no  species  is  common  to  the  lower 
and  the  upper  levels.  This  genus,  like  Ptilodus,  serves  to  show  that, 
though  there  may  have  been  a  considerable  interval  between  the  Lanoe 
Creek  and  the  Puerco,  it  was  not  an  enormous  one.  The  dinosaurs,  which 
were  such  a  conspicuous  feature  of  the  Lance  Creek  epoch,  appear  to  have 
disappeared  completely  before  the  time  of  the  Puerco  and  Fort  Union. 
Of  turtles,  some  families  passed  from  the  one  formation  to  the  other,  but 
probably  no  species.  A  pleurodlre,  representing  a  large  group  of  turtles 
found  now  mostly  south  of  the  equator,  was  i)resent  in  the  "Laramie"  of 
New  Mexico;  but  no  member  of  the  group  is  known  to  have  existed  in 
North  America  after  that  time.  Certain  other  genera  of  turtles  (Adocu^, 
Euhaen4i,  ThesccluSj  Basilemys,  Uelopanoplia)  are  not  known  to  have 
passed  from  the  Lance  Creek  level  into  that  of  the  Puerco  and  Fort  Union ; 
and  other  genera  (Alamosemys,  Hoplochelys,  Conchochctys,  Amydaf)  ap- 
pear to  have  had  their  beginning  in  the  Puerco.  It  may  further  be  said 
that,  while  turtles  were  very  abundant  in  the  Lance  Creek  epoch,  they 
appear  to  have  been  very  rare  in  the  Fort  Union,  though  of  more  frequent 
occurrence  in  the  Puerco. 

As  regards  the  mollusks  I  And  this  statement  made  by  Doctor  Stanton 
(Wash.  Acad.  Sci.,  xi,  p.  264),  where  he  is  speaking  of  a  Fort  Union  local- 
ity in  Montana : 

The  Unios  are  all  of  simple  tj'pe  and  do  not  include  any  of  the  pecu- 
liarly sculptured  forms  like  those  of  Hell  Creek,  Converse  County,  and 
Black  Buttes. 

The  plants,  conservative  as  they  are,  testify  even  more  strongly  than 
do  the  animals  to  a  considerable  interval  l)et^veen  the  Lance  Creek  epoch 
and  the  Fort  Union.  According  to  Doctor  Knowlton  (Wash.  Acad.  Sci., 
xi,  p.  221),  out  of  84  Identified  species  found  in  the  Lance  Creek  ei>och 
("Lower  Fort  Union")  08  occur  in  the  Fort  Union.  Hence  ir»  si>ecies, 
nearly  20  per  cent,  ai)i)ear  to  have  failed  to  reach  the  higher  beds.  It  is 
to  be  noted  here  that  about  300  plants  are  known  from  the  Fort  Union 
and  only  about  200  from  the  Lance  Creek  beds,  t'or  a  grouj)  of  organisms 
that  even  then  contained  a  considerable  numi>er  of  species  yet  existing, 
or  very  close  to  forms  yet  existing,  the  loss  of  a  fifth  of  their  forces,  at 
a  time  when  there  api>ears  to  have  been  little  change  of  climate,  indicates 
the  lapse  of  an  important  interval. 
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The  base  of  the  Eoc*ene  Is  usually  regarded  as  coutaiulng  a  small  per 
c*ent  of  the  marine  mollusks  yet  living:  the  beginning  of  the  Miocene, 
about  17  per  c*ent  of  yet  existing  species ;  and  the  beginning  of  the  Pliocene 
about  30  i)er  cent.  If  now  plants  have  changed  in  species  during  the  lapse 
of  geological  time  with  about  the  rapidity  that  marine  mollusks  have 
changed,  the  Fort  Union  beils  ought  to  be  arranged  in  the  Lower  Miocene. 
This  would  harmonize  quite  well  with  the  idea  that  the  Green  River  beds 
belong  to  the  Oligocene. 

9.     Relationship  of  Lance  Creek  Fauna  to  That  of  the  Jidith  Rivek 

Epoch. 

Having  demonstrated,  as  I  think  I  have,  that  there  was,  between  the 
time  of  the  deposition  of  the  Lance  Creek  beds  and  those  known  as  Puerco 
and  Fort  Union,  a  nearly  complete  change  in  the  fauna  and  a  considerable 
change  in  the  flora,  I  will  endeavor  to  show  that  the  fauna  of  the  former 
beds  is  closely  related  to  that  of  the  Judith  River,  a  formation  now  recog- 
nized as  being  well  down  in  the  Upper  Cretaceous  and  separated  from  the 
lowermost  Laramie  by  about  1,000  feet  of  marine  Cretaceous  strata 
(Stanton,  Wash.  Acad.  Sci.,  xi,  p.  250).  This  close  relationship  of  the  two 
faunas  has  l>een  recognized,  it  may  be  truthfully  said,  by  all  paleontolo- 
gists who  have  given  attention  to  the  subject.  For  a  long  time  it  misled 
geologists  and  paleontologists  into  the  conclusion  that  all  the  deposits  in 
question  belonged  to  a  single  ei>och.  Mr.  J.  B.  Hatcher,  who  had  collected 
extensively  both  in  the  Judith  River  region  and  in  the  Lance  Creek  beds, 
and  who  had  studied  closely  the  vertebrates  of  l>oth  regions,  writes  (Bull. 
U.  S.  Geol.  Surv..  257,  p.  101)  : 

When  cimsidered  in  its  entirety,  the  vertebrate  fauna  of  these  beds 
[Judith  River]  is  remarkably  similar  to,  though  distinctly  more  primitive 
than,  that  of  the  Laramie  [Lance  Creek  beds].  Almost  or  quite  all  of  the 
types  of  vertebrates  are  present,  though,  as  a  rule,  they  are  represented 
by  snmller  and  more  primitive  forms. 

Doctor  T.  W.  Stanton,  paleontologist  of  the  U.  S.  Geological  Survey, 
who  examined  in  company  with  Professor  Hatcher  the  Judith  River  basin, 
and  who  has  given  especial  attention  to  the  invertebrate  fauna,  records  in 
the  same  bulletin   (p.  121)   his  opinion: 

When  full  collections  are  compared  it  will  usually  be  easy  to  distin- 
guish between  Judith  River  and  Laramie  from  the  brackish-water  fossils 
alone,  but  if  the  collections  are  meager  and  fragmentary  it  may  not  be 
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practicable  to  do  so.  *  *  *  Taken  as  a  whole,  the  fresh-water  faunas 
of  the  Judith  River  and  the  Laramie  are  somewhat  more  distinct  than  the 
brackish-water  faunas  of  the  same  formations,  and  with  fairly  complete 
collections  it  should  not  be  very  difficult  to  distinguish  them  in  the  labora- 
tory. 

When  we  come  to  comi)ai*e  the  vertebrates  of  the  Judith  River  bedu 
with  those  of  the  Lance  Creek  deposits  it  becomes  necessary  practically 
to  ignore  the  mammals,  inasmuch  as  only  two  species  of  these  have  up  to 
this  time  been  discovered  in  the  Judith  River.  These  are  PtUodua  pri- 
mwvus  and  Borodon  nmtutinus,  l)oth  described  by  Lambe  from  tlie  Belly 
River  beds  of  British  America.  The  former  of  these  fossils  is  related  to 
species  of  the  same  genus  found  in  the  Lance  Creek  beds  and  in  tlie  Tor- 
rejon.  the  latter  genus  is  of  undetermined  relationship. 

Fishes. — Beginning  with  the  fishes,  there  have  been  descril>ed  from 
the  Judith  River  beds  eight  si)ecies.  In  the  I^ance  Creek  beds,  Converne 
County,  Wyoming.  Professor  Williston  (Science,  xvl,  1902.  p.  952)  found 
materials  which  he  refers  to  two  of  these  species  {Mylctlaphus  bipartite, 
Lepisostcus  ocddcntalis) .  One  of  these  fishes,  Mpledaphus  hipartUus, 
seems  to  be  a  ray.  The  rays  are  almost  wholly  inhabitants  of  salt  water; 
hence  the  persistence  of  this  Judith  River  freshwater  form  is  somewhat 
remarkable.  A  supposed  sturgeon,  Acipenser  aXbertcnsis,  found  by  Lambe 
in  the  Belly  River  beds,  occurs,  according  to  Williston.  in  the  Lance  Creek 
beds.  From  the  Belly  River  beds  Mr.  Lambe  described  a  remarkable 
species  of  fish  which  he  called  Diphyodns.  Hatcher  states  that  similar 
jaws  are  common  both  in  the  Judith  River  beds  of  Montana  and  in  the 
deposits  of  Converse  County,  Wyoming.  From  the  Hell  Creek  beds  of 
Wyoming  Mr.  Barnum  Brown  has  reiwrted  the  discovery  of  another  8|ie- 
cies  of  the  same  genus. 

Tailed  Amphibians. — Of  the  tniletl  amphibians,  at  all  times  rare  fos- 
sils, Coi)e  described  from  the  Judith  River  region  four  si)ecie8,  all  members 
of  the  genus  ticapherpeton.     Lambe  believes  that  he  has  found  one  of  theae 
in  the  Belly  River  beds,  a  fact  that  shows  the  somewhat  extended  distri- 
bution of  the  genus  at  tliat  epoch.     Williston  found  one  of  the  species  In 
the  r>ance  Oeek  l)ed8  and  Brown  reported  a  species  from  the  Hell  Creek 
deposits.     While  It  Is  true  that  these  fishes  and  amphibians  are  mo6tly 
represented  by  fragmentary  remains,  these  remains  are  usually  character- 
istic and  capable*  of  aciuratc  comiuirison.     That  Mpledaphus  should  reap- 
l)ear  after  an  interval  allowing  the  deiwsition  of  1,000  feet  of  marine 
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strata  and  probabb'  some  hundreds  of  feet  of  freshwater  strata,  is  re- 
markable enough;  but  that  It  should  reappear  in  company  with  its  old 
rompanions,  the  rare  niphi/odiis  and  Scaplicri)etoti,  not  to  mention  the  more 
highly  develoi>ed  fauna  yet  to  be  discussed,  is  very  striking.  Had  there 
occurred  at  both  levels  only  some  iiebbles  of  three  peculiar  forms  or  com- 
IK)8itions,  Instead  of  tlie  three  genera,  the  conclusion  would  have  been  in- 
evitable that  there  was  some  i)articular  connection  between  the  two  for- 
mations. 

ChanipsosuHruit,  CrorofJilcs. — Coming  next  to  the  reptik^,  it  may  first 
be  noted  that  species  of  Champsosaurus  <K*(?ur  in  the  Judith  River  beds, 
in  the  Lance  Creek  beds,  in  those  of  the  Hell  Creek  region,  and  in  the 
ruer<»o.  It  is  prolmble  that  the  species  vary  from  one  formation  to  the 
other.  The  same  statement  can  probably  be  made  regarding  the  croco- 
diles. These  genera,  common  to  all  three  of  the  formations  under  discus- 
sion, may  be  left  out  of  consideration ;  although  It  must  not  be  overlooked 
that  none  the  less  they  aid  in  binding  together  the  formations  in  which 
they  are  found.  As  to  the  crocodiles,  it  may  be  mentione<l  that  Williston 
recognized,  in  teeth  and  scutes  found  in  the  Lance  Creek  beds,  Leldy's 
Crocodylus  humiliSy  originally  described  fn^m  the  Judith  River  region. 
From  the  Judith  River  beds  of  Alberta  Lnmbe  described  Leidyosuchn^ 
canadensis,  Mr.  C.  W.  Gilmore  will  soon  describe  a  second  si)ecles  of  the 
genus,  collected  last  summer  In  the  Lance  Creek  beds  of  Converse  County, 
Wyoming, 

Turtles. — As  regards  the  turtles,  certain  genera  have  already  been 
mentioned  as  appearing  not  to  pass  the  line  between  the  Lance  Creek  for- 
mation and.  the  Puerco  and  Fort  Union.  My  study  of  the  fossil  turtles  in- 
dicates that  the  species  of  these  animals  rarely  pass  from  one  epoch  to 
another.  If  they  have  ever  done  so  they  passed  from  the  Judith  River 
into  the  Lance  Creek  epoch.  There  are  five  or  six  si)ecies  of  Judith  River 
turtles  which  are  represented  in  the  Lance  Creek  and  Hell  Creek  beds  by 
turtles  of  identical  or  very  closely  relateil  species.  Most  of  these  are 
marked  by  such  i)ecnliar  sculpture  that  they  are  easily  recognize<l  and 
some  of  them  likewise  are  represented  by  excellent  materials.  I  shall  take 
the  pains  to  give  some  details. 

Cwnpscmysf  obscura  Leidy  was  originally  described  from  betls 
probably  belonging  to  the  Lance  Creek  epoch  and  found  at  Long  Lake. 
N.  Dakota.     Not   much  of  it  Is  known,   but  the  sculpture  is  distinctive. 
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It  was  included  by  Cope  in  his  list  of  Judith  Uiver  vertebrates.     Barnuiu 
Brown  found  what  api)ears  to  be  the  same  species  in  the  Hell  Creek  beds. 

Vompsetnys  vivta  I^idy  was  described  from  the  bods  of  Long  Lake. 
Its  sculpture  is  characteristic,  resembling  small,  closely  placed,  pustules, 
that  cover  all  parts  of  the  shell,  and  appearing  in  no  other  turtles.  It  is 
fragmentary,  but  very  common  in  the  Lance  Creek  l>eds.  Hurnum  Brown 
has  collected  it  in  the  Hell  Creek  deposits.  Cope  includetl  it  in  his  list 
of  Judith  River  vertebrates.  He  also  found  it  in  Colorado,  in  deiiosits 
that  belong  to  either  the  Arapahoe  or  the  Denver.  I  am  able  to  say  that 
the  same  geiuis  Is  represented  by  an  undescribe<l  species  in  the  Fort  Tni  .n. 

Asin'dvrctcs  forcatiui  (I^idy)  was  descril>ed  from  the  Judith  River 
basin.  liCidy  had  other  spei*imens  from  I^mg  Lake,  X.  Dakota.  There 
are  many  fragments  of  the  species  in  a  collection  made  in  the  Judith  Basin 
for  Cope  by  Charles  Sternberg.  A  nearly  comi)lete  carapace  was  found  in 
the  Belly  River  IkhIs  by  Lambe.  Fragments  indistinguishable  from  the 
tyi>e  were  secured  l>y  Barnum  Brown  in  the  Hell  Creek  region.  The  cara- 
pace is  ornamented  by  a  characteristic  pitting. 

Asphlcrclcs  bccchcri  Hay  ha^  for  its  tyi»e  a  specimen  In  Yale  Fni- 
versity  which  lacks  little  more  than  the  head  and  a  i)art  of  the  neck.  Mr. 
Hatcher  collected  in  the  Judith  River  IkhIs  two  quite  complete  carapaces* 
which  I  have  examined,  without  being  able  to  distinguish  them  from  the 
type  of  A.  hecchcri. 

Adovuti  lincoJutns  Coi)e  is  a  turtle  that  is  not  well  known,  but 
fragments  of  what  api>ear  to  be  the  same  si>ecies  are  not  uncommon.  The 
sculpturing  is  ]>eculiar.  The  tji>e  was  found  in  Colorado,  in  probably  tlie 
Arapahoe  formation.  Co[)e  included  it  among  the  vertebrates  of  the  Judltb 
basin,  and  Lami>e  reported  it  from  Belly  River  deiK>sits  in  Alberta.  Bar- 
num Brown  found  in  the  Hell  Creek  beds  what  seems  to  be  the  same 
species. 

The  genus  BasUrniffs  is  rei>resented  by  turtles  of  large  size  and  an  ex- 
traordinary form  of  sculpture.  The  type  li.  variolusn  (Coi)e)  has  as  its 
tyiK?  a  largo  part  of  the  plastron  and  considerable  parts  of  the  carapace. 
This  type  was  found  in  the  Juditli  River  basin.  Meml)ers  of  the  Canadian 
Geological  Survey  found  good  specimens  of  the  species  in  the  Belly  River 
l>eds  in  British  America.  A  second  si»ecies  of  the  genus  has  been  dli»- 
covered  in  beds  of  the  Lance  ('reek  epoch,  in  Custer  County.  Montana. 
The  type  is  a  complete  slicli.     Ha<l  only  fragments  been  found  that  did  not 
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include  distinctive  parts,  this  s|)ecimen  would  have  been  regarded  as  be- 
longing to  B.  variolosa,  A  8i)ecies  not  certainly'  identified  occurs  in  the 
Hell  Creek  betls.  During  the  pa«t  season  an  undescribed,  closely  related 
si>ecies  was  discovered  in  the  Lance  Creek  dei>osit«  in  Converse  County, 
Wyoming,  by  a  member  of  the  H.  S.  Geological  Survey.  Nothing  re- 
sembling tliese  turtles  has  ever  been  found  in  beds  above  those  equivalent 
to  the  Lance  Creek  deposits.  Indeed,  all  those  turtles  of  the  Upper  Cre- 
taceous which  had  the  carapace  and  i)lastron  sculptured  in  various  ways, 
appear  to  have  become  extinct  before  the  l)eginning  of  the  Tertiary.  Not 
long  after  the  opening  of  the  Tertiary,  in  'the  Wasatch,  there  came  in  the 
Emydidie  and  the  Testudinidap,  and  these  developed  other  styles  of  orna- 
mentation of  the  shell. 

Figures  of  all  the  species  of  turtles  named  above  are  to  be  found  in  the 
present  writer's  "Fossil  Turtles  of  North  America." 

Dinosaurs. — Both  In  the  Judith  Iliver  beds  and  in  those  of  the  Lance 
Creek  epoch  the  most  abundant  and  the  most  conspicuous  reptiles  are  the 
dinosaurs.  Five  families  of  these,  belonging  to  four  superfamilies  and  to 
two  suborders,  are  represented  in  the  Judith  River  epoch,  and  each  of  these 
families  reappears  in  the  I^nce  Creek  epoch.  Furthermore,  many  of  the 
genera  are  common  to  the  t\^'o  formations  and  it  is  believed  that  the  same 
is  true  of  a  considerable  number  of  species.  From  the  Judith  River  beds 
Cope  descril)ed  eight  species  of  carnivorous  dinosaurs  that  seem  to  come 
under  the  genus  Dryptosaurus.  Mr.  Hatcher  (Bull.  U.  S.  Geol.  Surv., 
257,  p.  86)  mentions  the  occurrence  of  two  of  these,  called  by  him  Dcinodon 
cxplanatus  and  /).  hazcnianus,  in  the  Lance  Creek  beds.  Another  car- 
nivorous dinosaur,  Dcinodon  horridus,  was  originally  described  from  the 
Judith  River  beds.  Hatx'her  (loc.  cit.,  p.  8.'?,  Aublj/sodon  mirandus)  be- 
lieved that  it  was  found  likewise  in  the  Lance  Creek  beds.  Another, 
Zapsaiis  abradens,  is  thought  (p.  84)  to  occur  in  both  formations.  The 
great  carnivorous  dinosaur  described  by  Osborn,  Tj/rannosaurus  rrx,  may 
be  a  descendant  of  Marsh's  Oitiithomimns  grandis,  of  the  Eagle  formation, 
older  still  than  the  Judith  beds. 

In  the  herbivorous  order  OrthoixKla  are  i>laced  the  remarkable  rep- 
tiles called  the  Stegosauria.  Two  species,  Troodon  fonnosus  and  Palwo- 
8Cinciis  costatus,  are  mentioned  by  Hatcher  (loc.  cit.,  pp.  83,  88)  as  being 
represented  In  the  Lance  Creek  deposits  by  numerous  teeth  of  size  and 
pattern  similar  to  the  types,  which  were  descTibed  from  the  Judith  River 
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formation.  In  addition  to  these,  Barnum  Brown  has  described  from  the 
Hell  Creek  beds  a  large  stegosaur,  Ankylosaurus  mayniventris,  tlie  type 
of  a  new  family.  We  can  not  doubt  that  some  day  a  closely  related  form 
will  be  discovereil  in  the  Judith  River  beds;  and  indeed,  its  immediate 
ancestor  may  be  Lambe's  8tcrcoccphalus  tutus,  from  the  Belly  River  de- 
posits. 

The  large  herbivorous  dinosaurs,  the  Hadrosauridio,  which  were  ac- 
customed to  walk  about  on  their  hinder  limbs  only,  are.  according  to 
Cope's  identitications,  represented  in  the  Judith  River  formation  by  about 
nine  si)ecies.  The  I.#ance  Creek  and  the  Hell  Creek  l)ed8  furnish  three  or 
four  species  of  the  family,  most  of  which  are  referred  to  the  genus  Uadrtn 
saurun,  or  Trachothm.  Wiiether  or  not  there  are  siiecies  common  to  the 
two  formations  cannot  now  be  detinitely  determined;  but  certainly  their 
relationships  are  very  close. 

Of  all  the  dinosaurs  that  are  found  in  the  formations  in  w^hieh  our 
interest  is  now  centered  the  Ceratopsia  have  received  the  most  careful 
study.  What  the  present  state  of  knowle<lge  is  with  regard  to  these  re- 
markable reptiles,  may  be  learned  from  Hatcher's  monograi>h  of  the 
group,  completed  and  edited  l»y  Dr.  Lull  (Mon.  41>,  l^  S.  Geol.  Surv.). 
Unfortunately  much  needs  yet  to  be  learneil  al)out  them,  e8i)ecially  about 
those  of  the  Judith  River  forms.  Approxhnately  nine  species  are  known 
from  the  Judith  River  deposits  of  Montana  and  British  America ;  and 
about  fifteen  si)ecie3  are  credlte<l  to  the  Lance  ('reek  be<ls,  of  Wyoming, 
and  to  the  Arapahoe  and  the  Denver,  of  Colorado.  Hatcher  and  Lull  con- 
clude that  those  of  the  Judith  epoch  are  somewhat  more  primitive  than 
those  of  the  beds  higher  up,  being  somewhat  smaller,  with  a  less  completely 
developed  nuchal  frill,  with  the  nasal  horn  relatively  larger  and  the 
supraorbital  horns  relatively  smaller  than  In  the  younger  forms.  It  is, 
however,  to  be  noted  that  the  nasal  horn  of  Ccrntopft,  of  the  Judith  River 
epoch,  is  not  yet  certainly  known.  For  the  most  part  the  genera  are 
based  on  the  characters  mentioned  above.  They  may  have  the  importance 
assigned  to  them,  but  they  do  not  indicate  radical  differences.  Such  differ- 
ences might  easily  have  arisen  during  an  interval  of  moderate  duration. 
There  can  be  no  doubt  that  the  Ceratopsia  of  the  higher  beds  were  derived 
directly  from  those  of  the  lower. 

The  possibility  may  be  fully  granted  that  further  investigations  may 
prove  that  few  or  no  si>ecies  of  vertebrates  ctmtlnued  from  the  Judith 
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River  epoch  to  that  which  witnessed  the  deposition  of  the  Liance  GreeliL  and 
Hell  Creelc  beds.  Nevertheless,  nothing  can  impair  the  force  of  the  evi- 
dence that  many  si>ecies  included  among  the  fishes,  the  tiiiled  amphibians, 
the  turtles,  the  crocodiles,  the  champsosaurians,  and  the  carnivorous  and 
herbivorous  dinosaurs  are  represented  in  both  formations  by  closely  re- 
lated forms.  The  remarkable  thing  about  the  matter  is  that  the  faunas  of 
the  two  formations,  separated  by  so  great  a  thickness  of  strata,  should  be 
so  similar.  We  must  conclude  that  deposition  went  on  rapidly  in  that  in- 
terval, so  that  it  may  not  have  been  so  long  as  otherwise  might  appear. 
There  could  hardly  have  been  movements  of  the  land  in  that  region  that 
produced  any  considerable  changes  of  climate.  During  the  Bearpaw  epoch 
the  sea  probably  quietly  invaded  a  part  of  the  territory  that  had  previously 
been  occupied  by  the  Judith  River  animals;  but  around  the  border  of  this 
invading  sea  the  turtles,  the  crocodiles,  and  the  many  genera  of  the  dino- 
saurs continued  their  existence  and  their  evolution  undisturbed  until  that 
sea  retired.  And  doubtless  had  all  those  animals  in  that  region  been 
destroyed  there  was  an  extensive  territory,  nearly  the  whole  of  North 
America  as  far  as  the  Atlantic,  that  harbored  similar  forms,  from  which 
territory  new  recruits  could  swarm  in.  As  far  away  as  New  Jersey  there 
were  living  herbivorous  and  carnivorous  dinosaurs  not  greatly  different 
from  those  of  the  Judith  River  beds.  This  appears  to  be  true,  that  what- 
ever hapi)ened  to  the  plants  between  the  time  of  the  Judith  River  and  the 
Lance  Creek  beds,  nothing  of  serious  imi>ortance  happened  to  the  animals. 
By  those  who  insist  on  elevating  the  deposits  of  the  Lance  Creek 
epoch  into  the  Tertiary,  a  persistent  effort  has  been  made  to  minimize  or 
nullify  the  significance  of  the  presence  of  dinosaurs.  As  long  ago  as  1880 
Heer  wrote  thus  (Arctic  Flora,  vol.  6,  pt.  2,  p.  7)  : 

Der  Agathaumas  von  Black  Buttes  beweist  daher  keineswegs,  dass 
dort  eine  Tertiilr-Flora  zu  gleicher  Zeit  mit  elner  Kreide-Fauna  gelebt 
habe,  wie  Prof.  Cope  dies  behauptet,  denn  ein  einzelnes  Thier  macht  so 
wenig  eine  Fauna  aus,  als  eine  Pflanzenart  eine  Flora.  Wir  k<5nnen  daher 
Hm.  King  nicht  beistimmen,  wenn  er,  mit  Cope  und  Marsh,  die  Laramie- 
Gruppe  zur  Kreide  bringt. 

Mr.  Cross  and  Dr.  Knowlton  have  argued  that  the  dinosaurs  might 
have  continued  on  into  the  Eocene,  and  in  fact  did  so.  As  to  the  verte- 
brate paleontologists,  it  is  not  probable  that  any  of  them  would  have  as- 
serted that  this  was  impossible  and  some  of  them  have  granted  the  i>osBi- 
bility.     In  holding  that  the  dinosaur  beds  belong  to  the  Mesozoic,  they 
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have  reasoned  that,  inasmuch  as  these  animals  are  characteristic  of  the 
Mesozoic  and  are  not  Icnown  to  occur  in  the  Tertiary  of  any  other  region, 
they  probably  did  not  exist  during  any  part  of  the  Tertiary  of  this  conn- 
try.  And  certainly,  there  is  a  mass  of  confirmatory  evidence  for  this  con- 
clusion. The  plaifts  have  appeared  to  furnish  evidence  against  it;  but, 
in  view  of  the  discrepancy  between  Lesquereux's  conclusion  and  his  prem- 
ises, it  seems  that  the  paleozoologists  were  justified  in  tlieir  conservatism. 
Mr.  Cross  writes  (Mon.  T'.  S.  Geol.  Surv..  xxvii.  p.  251)  : 

If  the  dinosaurs  of  the  Ceratops  fauna  did  actually  live  in  the  Laramie 
epoch  of  Colorado  they  survived  a  great  orographic  movement  and  its  ac- 
companying climatic  changes,  and  continued  through  the  Arapahoe  and 
Denver  epochs  so  little  modified  that  Professor  Marsh  has  not  detecteil 
any  changes  corresponding  to  the  stratigraphic  time  divisions. 

Since  this  was  written  it  has  been  found  that  the  Judith  River  beds, 
which  contain  so  many  dinosaurs,  were  deposited  long  l)efore  the  time  of 
the  Laramie.  We  thus  have  proof  that  these  dinosaurs  and  many  other 
forms  of  vertebrates  survived,  without  important  changes,  the  orographic 
movement  m^itioned  by  Mr.  Cross.  It  seems  probable,  therefore,  that  this 
movement  was  not  so  widely  extended  and  so  long  continued  as  has  been 
supposed.  Why  the  dinosaurs  died  out  finally  we  do  not  know,  any  more 
than  we  know  why  numerous  other  vigorous  races  of  animals  have  per- 
ished from  the  earth.  That  the  causes  were  not  local  is  shown  by  the 
fact  that  in  Europe  likewise  they  became  extinct  just  before  the  appearance 
of  the  Cemaysian  fauna.  It  may  be  regarded  as  very  reprehensible  in 
them  that  they  thus  permitted  themselves  to  perish  before  the  Eiocene 
came  on,  but  we  are  comi)elled  to  believe  the  record. 

In  the  preceding  pages  I  have  endeavored  to  show  that  the  deposits 
of  the  Lance  Creek  epoch  are  well  separated  from  those  of  the  Fort  Union, 
as  indicated  by  both  the  fauna  and  the  flora.  In  case  a  biological  break  is 
required  between  the  Cretaceous  and  the  Tertiary  such  a  break  seems  to 
be  present  here.  The  stratigraphical  break  appears  to  be  less  conspicuous ; 
yet  unconformities  are  not  absent  and  the  character  of  the  deposits  appears 
to  be  such  that  there  is  seldom  diflSculty  in  separating  the  one  formation 
from  the  other.  Nevertheless,  it  seems  that  accurate  correlation  demands 
that  the  line  between  the  Mesozoic  and  the  Cenozoic  in  that  region  ought 
to  be  drawn  at  least  above  the  Puerco  and  probably  through  or  above  both 
the  Torrejon  and  the  Fort  Union.  The  exact  position  of  the  parting  must 
be  settled  after  further  investigations. 
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10.    Conclusions. 


1.  The  answer  that  the  writer  would  give  to  the  question  at  the  head 
of  this  paper  is  that  the  Lance  Creek  beds  belong  to  the  Upper  Cretaceous. 

2.  In  the  Upper  Cretaceous  ought  to  be  included  also  the  Puerco  and 
not  improbably  also  the  Torrejon  and  the  Fort  Union. 

8.  In  case  of  a  conflict  between  the  evidence  furnished  by  the  flora 
and  the  fauna  of  the  I^ince  Creek  beds  and  those  of  the  Fort  Union  re- 
spectively, the  evidence  obtnlned  from  the  faunas  is  to  be  i)referred.  as 
l>eing  i)art  of  a  more  comi>lete  and  better  underst(M»d  history.  Present 
knowleiige  regarding  plants  s<»oms  to  indicate  that  they  were  i)recociou8, 
having  reache<l  something  like  their  i)re^ent  stage  of  development  long 
liefore  the  mannnals  attained  anything  like  their  present  stage  of  differ- 
entiation. There  are  also  indicatiims  th.it  the  floras  of  the  western  world 
were,  dui;lng  the  Cretaceous,  considerably  in  advance  of  th<we  of  Euroi)e. 

4.  Even  if  it  were  conceded  that  the  Fort  Union  belongs  to  the  Ter- 
tiary, and  that  the  fauna  and  flora  of  the  Lance  ('reek  ep(Kh  are  more 
closely  relate<l  to  those  of  the  Fort  Union  thin  they  are  to  those  of  the 
Judith  Uiver.  it  does  not  follow  that  the  f^ince  Creek  epoch  nmst  be  in- 
cluded in  the  Tertiary.  A  quarter  before  midnight  on  Monday  Is  much 
nearer  to  Tuesday  than  it  is  to  the  previous  six  o'chx^k ;  nevertheless,  it 
is  not  yet  Tuesday. 

U.  S.  National  Museum, 
Washington,  D.  C. 
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Paleontology  and  the  Recapitulation  Theory. 


By  E.  It.  CuMixGS. 


L 

In  reply  to  a  severe  triti(iiie  of  the  recapitulation  theory,  or  hiogenetle 
law.  by  Hurst  CM)).  Rather  remarks  that  "If  the  embryologists  had  not 
forestalled  them,  the  paleontologists  would  have  had  to  invent  the  theory 
of  rei-aiutulation.**  ( 1 )  This  may  be  considered  as  a  fair  samjde  of  the 
general  attitude  of  paleontologists  of  the  Hyatt  school,  to  which  Bather 
Ijelongs.  toward  the  recapitulation  theory. 

F^ven  the  more  conservative  paleontologists,  while  inclined  to  use  the 
theory  rum  i/rano  aalis,  recognize  the  weight  of  evidence  that  Hyatt  and 
his  coworkers  In  the  realm  of  paleobiology,  have  brought  together,  as  is 
evidenced  by  the  following  quotation  from  Zittel  (65)  :  " Never tlieless 
einbyrcnic  tyiK»s  are  not  entirely  wanting  among  invertebrates.  The  Pale- 
<«oic  Belinurldft*  are  l>ewilderingly  like  the  larvae  of  the  living  Limulus. 
The  pentacrinoid  larva  of  Antcdon  is  nearer  many  fossil  crinolds  than  the 

full  grown  animal Amtmg  pelecyiMxls  the  stages  of  early  youth 

of  oysters  and  I*e(?tinldje  may  l)e  compared  with  Paleozoic  Avleulldie. 
Am.ng  bra<hi('P(Mls,  according  to  Beecher,  the  stages  which  living  Tere- 
bratulid.c  pass  through  in  the  development  of  their  arm-skeleton  corresi^ond 
with  a  numl)er  of  fo.«<sil  genera.  Tlie  beautiful  researches  of  Hyatt,  Wiir- 
tenburger  and  Branco,  have  shown  that  all  Ammonites  and  Ceratltes  pass 
through  a  gonlatlte  stage,  and  that  the  inner  whorls  of  an  Amnjonite  con- 
stantly resemble.  In  form,  ornament  and  suture  line  the  adult  condition  of 
some  previously  existing  genus  or  other." 

In  violent  contrast  with  this  full  acceptance,  or  this  guarded  ac- 
ceptance of  the  theory  on  the  part  of  the  pale<mtologi8ts.  Is  the  posithm  of 
a  c«)nslderable  school  of  embryologists  and  Z(K)logists.  I*erhaps  no  one 
has  put  the  <-ase  against  the  theory  more  baldly  and  forcibly  than  Mont- 
gomery In  his  recent  book  on  **An  Analysis  of  Racial  Descent"  (42).  He 
says:  "The  method  is  wrcmg  in  i)rinciple.  to  ccjuipare  an  adult  stage  of 
one  organism  with  an  inunature  stage  of  another."  And  again:  "There- 
f(»re  we  can  only  conclude  that  the  embryogeny  does  not  furnish  any  re- 
capitulation of  the  phylogeny.  not  even  a  recapitulation  marred  at  ocoa- 

[20— 2300S] 
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sional  points  by  secondary  changes.  ...  An  analysis  of  the  8taf:«( 
during  the  life  of  one  individual  can  in  no  way  present  a  knowledge  of  its 
ancestry,  and  the  method  of  comparing  non-correspondent  stages  of  two 
species  is  wrong  in  principle."  Equally  sweeping  is  the  statement  of 
Hurst  (30)  :  "The  ontogeny  is  not  an  epitome  of  the  phylogeny.  is  not 
even  a  modified  or  'falsified'  epitome,  is  not  a  record,  either  iierfect  or  im- 
perfect of  past  history,  is  not  a  recapitulation  of  evolution." 

It  would  seem  as  though  two  statements  could  not  be  more  flatly  con- 
tradictory than  these  of  Hurst  and  Montgomery,  and  that  of  Rather  quoted 
above.  Nevertheless  I  venture  to  make  the  seemingly  paradoxical  asser- 
tion that  both  parties  to  the  <Mmtroversy  may  be  right,  for  the  simple  rea- 
s(m  that  they  are  talking  about  (piite  difTerent  things.  This  has  been 
nowhere  better  expressed  than  l)y  (Irabau  (25).  He  says:  **It  has  been 
the  general  custom  to  test  the  validity  of  the  recapitulation  theory  by  the 
embryological  method:  i.  e.,  tlie  comparnbleness  of  the  changes  which  the 
individual  imdergoes  during  its  eml>ryonic  period  to  the  adults  of  more 
primitive  types.  Usually  the  comparison  has  l)een  with  the  adults  of  ex- 
isting types,  since  in  most  cases  tliese  alone  were  available  for  compari- 
son. It  is  no  wonder,  then,  that  such  coinparisona  have  led  to  innumer- 
able errors,  if  not  absurdities,  wliich  have  placed  the  recapitulation  theory 
in  an  evil  light  and  awakened  in  the  minds  of  many  serious  investigators 
doubts  as  to  the  validity  of  the  deductions  based  upon  this  doctrine.  Wlien, 
however,  the  entire  life  hiaiorn  of  the  individual  is  c<msidere<l.  instead  of 
on///  the  cmhrf/ftnic  period,  and  when  the  successive  stages  of  ei)embry«inio 
development  are  compared  with  the  adult  characters  of  relateii  types,  in 
iimnediately  preceding  geologic  i>t»riods.  it  will  l)e  found  that  the  fundfl- 
mental  principle  of  recapitulation  is  s(mnd,  and  that  the  individuals  do 
repeat  in  their  own  epenihri/onic  development  the  characters  of  their  own 
iinme<liate  ancestors."     (Italics  mine.) 

It  is  as  a  matter  of  fact  true  tliat  the  Hyatt  school  of  [>aleontologistf< 
have  based  their  pl)yh»genies  on  epembryonic  rather  than  embryonic  stages 
— stages  l)eginning  with  tlie  ncpionic  or  infantile — since  in  tlie  nature  of 
the  case  the  true  embryonic  stages  are  s<-an'ely  ever  ac<*essible  to  tlie  stu- 
dent of  fossils.  It  is  no  h^s  true  tliat  the  severest  critics  of  the  tlieory 
of  re(*apitulation  have  rested  their  case  largely  on  tlie  real  or  8Ui>po«ed 
lack  of  corrospcHidence  between  the  cnihrifonie  stages  and  the  adult  stage* 
of  assumeil  ancestors,  or  upon  <-ertain  a  priori  considerations  having  to 
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do  witli  the  hiws  of  development  and  inheritance.  To  the  former  class 
belong  such  critics  as  Von  Baer,  and  to  the  latter  class  such  as  Hatschek, 
His,  Hurst.  Montgomery  and  others. 

In  making  this  statement  I  am  aware  that  paleontologists  sometimes 
compare  true  embryonic  stages  witli  adult  stages  of  pre-existing  tyiies. 
As  examples  of  this  we  might  cite  the  comparison  of  the  larval  stage  of 
Antedon  with  adult  Paleozoic  crinoids.  as  mentioned  by  Zittel;  and  the 
classic  attempt  of  Beecher  to  reconstruct  the  ancestor  of  the  Brachiopoda 
by  a  comparison  of  the  phylembryonic  stages  of  a  representative  series  of 
genera  of  recent  and  fossil  brachiopods.  Nevertlieless  by  far  the  greater 
number  of  comparisons  that  have  been  instituted  by  paleontologists  have 
been  Ijetween  epembryonic  stages  of  individuals  and  adult  stages  of  older 
forms.  Such  comparisons  are  those  of  Hyatt,  Branco,  Karpinsky,  Wtirten- 
burger.  Buckman.  Neumayr,  Smith,  Beecher,  Clarke  and  others  among  the 
Cephalopoda ;  of  Beecher  and  Schuchert,  Raymond,  Greene  and  Cumings 
among  the  BrachioiK)da ;  of  Jackson  among  the  Pelecjrpoda;  of  Grabau 
and  Burnett  Smith  among  the  Gastropoda ;  of  Lang  and  Cumings  among 
the  Bryozoa ;  of  Uuedemann  among  the  graptolites;  and  of  Beecher, 
Girty,  Lang  and  others  among  the  corals.  To  many  of  these  researches  I 
shall  refer  later. 

I  am  also  not  unmindful  of  the  fact  that  many  of  those  who  are  not 
primarily  paleontologists  recognize  the  fact  that  development  does  not 
terminate  with  the  completion  of  the  embryonic  stages,  and  that  recapitu- 
lation may  be  legitimately  lo<jked  for  in  epembryonic  as  well  as  embryonic 
stages,  or  that  it  may  be  sought  in  epembryonic  stages,  even  though  masked 
or  falsified  in  embryonic  stages.  It  is  true,  of  course,  that  some  speak  of 
a  comparison  of  ontogeny  and  pliylogeny  when.  Judging  by  the  context, 
they  mean  a  comparison  between  embryogeny  and  phylogeny.  There  arises 
here  a  question  of  definition :  does  the  biogenetic  law  mean  that  the 
ontogeny  is  a  recapitulation  of  the  phylogeny,  or  does  it  mean  that  the 
embryogeny  is  a  recapitulation  of  the  phylogeny?  If  we  take  the  general 
consensus  of  opinion  we  shall  find  for  the  former  definition,  and  if  we 
take  the  words  of  Haeckel,  whose  statement  of  the  law  is  the  one  usually 
quoted,  we  shall  again  find  for  the  former  definition.  I  believe  that,  as 
a  matter  of  fact,  no  one  would  maintain  that  the  second  definition  is  cor- 
rect, however  much  he  might  forget  in  his  studies  to  take  the  epembryonic 
stages  into  consideration. 
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Nor  would  I  create  the  impression  that  the  embryologlsta  and  zoolo- 
gists have  utterly  deserted  the  paleontologists  in  their  supi>ort  of  the  re- 
capitulation theory.  Several  recent  i)apers  give  considerable  aid  and  com- 
fort to  those  of  us  who  still  believe  in  recapitulation.  I  shall  introduce 
here  the  conclusions  of  three  of  these  workers,  more  particularly  because 
it  will  afford  me  an  opportunity  to  corrwt  what  1  hold  to  be  another  error 
of  those  who  oppose  the  theory. 

One  of  the  most  interesting  pieces  of  evidence  that  has  recently  l»een 
adduced  in  favor  of  the  idea  that  ontogeny  recapitulates  pbylogeny  is  ti» 
be  found  in  a  paper  by  Griggs  on  "Juvenile  Kelps"  (28).  It  is  not  my 
puri)ose,  however,  to  discuss  the  very  interesting  evidence  which  he  ]m» 
recorded,  but  rather  to  quote  his  remarks  on  the  views  of  Ills  and  Morgan, 
and  his  general  conclusions.  His  maintains  that  the  reason  why  ontogeny 
seems  to  recapitulate  phylogeny  is  l)ecause  the  stages  in  development  are. 
as  Griggs  paraphrases  it,  "only  the  physiologically  nei^essary  steps  for  the 
formation  of  the  adult  body  from  its  earliest  stage,  which  in  most  cases 
is  the  egg.''  With  the  ideas  of  Morgan  as  exi>res.seil  in  his  valuable  book 
on  "Evolution  and  Adaptation"  we  are  all  familiar.  lie  holds  that  or- 
ganisms repeat  in  tlieir  development,  not  adult  stages,  but  only  embryonic 
stages  of  their  ancestors.  To  this  Idea  he  has  given  the  name  of  "rei»e- 
titlon." 

On  this  i)oint  of  the  recapitulation  of  embryonic  conditions  Grigjp* 
makes  the  following  pertinent  statements:  "In  the  ttrnthless  animals,  the 
whale  and  the  bird,  the  development  of  teeth  in  the  jaws  ly  entirely  on- 
necessjiry  *  *  *  It  may  even  be  said  to  hinder  the  attainment  of  the 
adult  condition.  The  same  is  true  of  tlie  mammalian  gill  slitiii  and  of 
most  structures  which  have  in  the  past  attracted  attention  in  connection 
with  the  recapitulation  theory.  As  the  ancestral  period  when  such  struct 
tures  were  fully  develoj^ed  In  the  adult  liecomes  more  and  more  remote, 
the  tendency  to  Inherit  them  t>ecomes  less  and  less,  because  of  the  cumu- 
lative Impulses  given  to  the  heritage  by  the  nearer  ancestors.  Oon»- 
quently  they  are  successively  less  and  less  developed.  Any  gradual  kww 
of  inheritance  can,  in  the  nature  of  the  case,  take  place  only  from  the 
mature  condition  l>ackward  toward  the  beginning  of  the  life  cycle;  other- 
wise we  should  have  adult  structures  with  no  ontogenetic  history.  There- 
fore we  can  understand  why  it  is  that  in  many  cases  only  the  embryonic 
stages  of  ancestral  history  persist  in  the  ontogeny."  In  a  foot  note  he 
says :     "The  cutting  off  of  end  stages  in  the  development  of  organs  hu 
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given  rise  to  the  idea  tliat  the  adult  stages  are  'pushed  back  into  the 
embryo.'  Such  a  misconception  easily  arose  from  the  loose  language  in 
which  the  facts  have  often  been  exi>ressed.  Thus  the  embryogeny  will  be 
gradually  shortened  by  the  omission  of  more  and  more  of  the  8Ui)erfluous 
ancestral  stages;  and  it  will  tend  finally  to  retain  only  such  stages  as 
are  necessary  to  the  attainment  of  the  adult  form."  Morgan  and  His,  he 
maintains,  have  confused  morphology  and  physiology.  "The  recapitula- 
tion theory  has  nothing  to  do  with  physiology;  it  is  purely  a  matter  of 
morphology." 

In  conclusion  Griggs  sjiys:  ''Taking  all  the  evidence  into  considera- 
tion, it  seems  to  the  writer  that  we  are  bound  to  conclude  that  though 
organisms  are  subject  to  adaptations  at  any  stage  of  their  life  cycles  and 
may  gradually  cut  out  superfluous  stages,  yet,  except  as  some  such  ten- 
dency has  operateil  to  change  the  heritage,  the  development  of  the  indi- 
vidual does  recjapituiate  the  history  of  the  race  *  ♦  *  recapitulation 
must  take  place  if  there  is  any  force  which  tends  to  make  offspring  like 
l>arent,  if  heredity  is  of  any  importance  in  moulding  tlie  forms  of  organ- 
isms. On  the  other  hand,  if  there  is  any  variability  of  transmutation  of 
individuals  in  stages  otlier  than  the  adult  end  stages  of  the  life  cycles, 
the  recapitulation  cannot  be  i^erfect.  but  must  be  marred  at  every  stage 
where  secondary  change  has  taken  place."  I  shall  return  later  to  soflie 
of  the  points  raised  by  (iriggs  in  the  above  statements. 

Another  eminent  worker.  Dr.  Eigenmann,  says  at  the  close  of  a  paper 
on  the  eyes  of  the  blind  vertebrates  of  North  America  (20)  :  **We  liave 
seen  in  the  preceding  pages  that  the  foundations  of  the  eye  [of  Amblj/op- 
nis]  are  normally  laid,  but  that  tlie  superstructure  instead  of  continuing 
the  plan  with  new  material,  completes  it  out  of  the  material  provided  for 
the  foundations,  and  that  in  fact  not  even  all  of  this  (lens)  material  en- 
ters into  the  structure  of  the  adult  eye.  The  development  of  the  founda- 
tions of  the  eye  is  phylogenic,  the  stages  beyond  the  foundations  are  di- 
rect." 

The  third  writer.  Dr.  Zeleny  (04),  in  his  pai)er  on  "Compensatory 
Regulation,"  in  a  discussion  of  tlie  development  and  regeneration  of  the 
opercula  in  serpulids,  says  that  the  morphologic  series  is  so  complete  as 
to  make  suflicient  ground  for  the  conclusion  that  the  opercula  arose  in 
the  course  of  phylogeny  as  modified  branchia.  The  ontogenetic  series,  he 
says,  co-tTcsponds  very  closely  xcith  the  probable  phylogenetic  series. 
Si^eaking  of  the  regeneratory  develoinuent  he  says:     "The  course  of  re- 
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generatory  development  is  characterized  by  great  condensation  and  direct- 
ness of  the  deveh)inuent.  There  is  no  trace  of  the  branchial  stage,  and 
the  development  of  the  two  rows  of  processes  of  the  terminal  cup  does 
not  follow  the  ontogenetic  order." 

His  final  c<mcluslon  Is  as  follows:  "The  data  furnishetl,  therefore, 
by  the  opercnla  of  the  serpullds  give  a  fairly  close  agreement  between 
the  ontogenetic  stages  and  the  probable  phylogenetic  ones  as  detenniiieil 
by  the  nsnal  criteria.  The  regcneratory  develoi)ment,  however,  follows;  a 
conrse  which  may  be  modified  i)y  the  character  of  the  oi)eratlon  that 
leads  to  the  regeneration."  By  the  "usual  criteria'*  he  means  morphology, 
etc..  so  that  he  cannot  be  accused  of  the  circuhts  vitiosus. 

Those  who  wish  to  review  the  detailed  evidence  given   in  the  above 
papers,  bearing  on  the  theory  of  recapitulation,  will,   of  course,  consult 
the  original  papers.    My  main  reastm  for  quoting  them  Is,  as  stated  above, 
because  of  their  bearing  on  what  seem  to  me  to  be  grave  errors  in  the 
reasoning  of  His,  Morgan  an<l  Montgomerj-  and  others  who  have  adopted 
similar  views.    The  error  seems  to  me  to  be.  as  rK>lnted  out  by  Griggs,  in 
the  confusion  of  imjrjihology  and  physlologj'.     The  adult  characters  that 
are  supposed  to  be  recapitulated  in  the  ontogeny,  as  well  as  the  characten* 
in    ontogeny    that    are    supi>osed    to    represent    them,    are    niorphologii-al 
characters  solely.     It  matters  not  what  new  fumrtion  they  nmy  have  ounie 
to  serve,  nor  by  what  physiologic  process  they  have  come  to  make  their 
appearance  in  tlie  recapitulating  organism.     The  confusion  arising  frouj 
this  source  colors  all  the  argument  of  Montgomery,  in  which  he  endeav- 
ors to  prove  that  new  specific  characters  must  have  some  representation 
in  the  ovum — a  view  which  we  must  certainly  agree  with-  -and  that  there- 
fore "the  whole  row"  of  cells  from  the  ovum  to  the  adult  must  l>e  differ- 
ent.   We  grant  that  "The  whole  row"  i>(  different  in  some  way,  physiolof;- 
ically  different.  cUffercnt  in  its  i)lay  of  energies;    imt  it  may  cfmcelvably 
be    mori)hologlcally    id(»ntical    up    to    the    very    point     where    the    nev^ 
character    is    added.      It    is   just    as   easy    to   conceive    that    the   energy. 
or  whatever  we  clioose  to  call  it,  that  is  at  a  certain  stage  In  develoj*- 
ment  to  produce  a  certain  rib  or  si>ine  or  color-band  on  the  shell  of  a 
gastroiK)d,  may  i>e  handed  through  the  row  of  cells  reaching  up  to  the 
given  stage,  without  producing  a  single  recognizable  morphologic  change 
in  the  row,  as  compared  with  tlie  individual  that  is  not  to  possess  the  mff^ 
character,  as  It  is  to  conceive  the  opposite.     The  argument  for  the  one 
view  is  just  as  certainly  a  prUtrl  as  the  argument  for  the  other  view.    It 
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is  also  perfectly  conceivable  that  the  morphology  of  the  ifidividual  cells 
in  the  row  niitrht  differ  after  the  acquisition  of  the  new  character  (in  so 
far  as  tliis  assumption  is  required  by  recent  cytolopical  studies),  and  yet 
not  a  single  organ  or  part  of  the  organism  l)e  different  u])  to  the  stage  in 
ontogeny  when  the  new  character  appears.  Unless,  therefore,  a  change  in 
the  energies  of  the  cells  incritably  nccrsaitalrs  a  change  in  the  morphology 
of  all  the  cells  or  of  all  the  organs  which  they  compose,  the  argmnent  of 
Montgoujery  proves  nothing. 

As  to  the  argument  of  His  and  others,  that  the  supposedly  ances- 
tral stages  are  merely  the  physiologically  necessary  stages  in  the  develop- 
ment of  the  individual :  it  again,  as  (Jriggs  iMiints  out,  confuses  mor- 
phology with  physiology,  and  is  open  to  the  further  ol)jection  that  It  is 
directly  opj)osed  to  the  facts.  Why,  for  example,  slnmld  the  condition  of 
I>erfect  blindnes.s,  with  complete  loss  of  all  the  essential  structures  of 
the  eye,  be  attiiinable  only  by  the  round-about  way  of  first  developing  the 
foundations  of  a  normal  eye?  Why  should  a  serpulid  be  able  to  regenerate 
a  perfect  oi)erculum  in  a  manner  entirely  different  from,  and  even  opposed 
to  the  ontogenesis  of  the  organ,  if  there  is  any  physiologically  necessary 
way  in  which  that  particular  individual  or  that  particular  organ  must 
develoj)?  The  thing  that  makes  it  necessary  for  development  to  take  a 
certain  course  in  a  given  individual  Is  the  fact  that  the  development  has 
taken  that  same  course  in  the  ancestors.  This  si)ecies  of  coercion  may, 
to  be  sure,  be  relaxed,  and  the  development  take  some  other  course,  but 
it  is  usually  relaxed  with  extreme  slowness,  and  after  many  generations 
have  iwissed. 

If  Inheritance  were  jierfect.  the  individual  w<mld  take  exactly  the 
same  course  In  development  as  Its  ancestors.  That  It  dties  not  do  this 
in  all  cases  is.  as  Griggs  points  out,  a  more  remarkable  fact  than  that  In 
other  cases  it  should  follow  the  ancestral  mode  of  development  so  closely. 
fJriggs  explains  the  loss  of  inheritance  as  due  U}  a  progressive  c<mdensa- 
tlon  of  the  ontogeny  by  the  "omission  of  more  and  more  of  the  sui)er- 
fluous  ancestral  stages.**  This  Is  the  well-known  law  of  accelerati(m  or 
tachygenesis.  Like  m:»st  embryolngists.  however,  he  misconceives  the  law, 
as  shown  by  the  foot-note  quoted  id^nve.  Kmbryologlsts  are  especially 
prone  to  limit  the  law  of  acceleration  in  development  to  the  skipping  or 
omission  of  stei)s.  nnd  tlie  cimseipient  shortening  of  development.  This  is 
not  in  keei)ing  with  the  views  of  Hyatt,  who  first  definitely  formulateil 
the  law ;    and,  as  all  paleobiologists  know,  it  Is  not  In  keeping  with  the 
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facts.  Ilyjitt  (.'51)  sftys:  "All  mod Iticat Ions  and  variations  In  projnvwlTe 
fiorlos  tend  to  appeur  first  in  the  adolescent  or  adult  stajjes  of  f^rowth. 
and  then  to  be  inherited  in  suc<-esslve  descendants  at  esirlier  stajres  ac- 
conlinj:  to  the  law  of  a<*celerati;.n,  until  they  either  become  embryonic  or 
are  crowded  out  of  tlie  organization  and  replaced  in  the  development  by 
charn<'ters  of  later  origin."  A  nvre  concise  statenjent  of  the  law  is  as 
f<»llows :  *The  suhstajjes  of  development  in  liutojceny  are  the  liearew  of 
distal  characters  in  inverse  pro[M>rtl('n  and  of  proximal  characters  in 
direct  proportion  to  their  removal  in  time  and  p<»sitlcm  from  the  prot<»- 
conch.  or  last  enihrj'onic  stage"   (31). 

According  to  the  definitions  just  <pioted,  acceleration  Involves  n<4 
(•nly  the  omission  of  charactei*s,  In  some  cases  (and  this  Is  the  only  w»rt 
of  ac<*eleratlon  that  niost  emhryologlsts  seem  to  rwognlze).  but  It  Involve* 
also  condensation  without  omission,  hy  cri>wding  more  int*^*  a  jciven  por- 
tion of  the  ontogeny,  or  again  hy  ** telescoping"  of  characters,  as  Gmbau 
(25)  calls  it,  so  tlmt  characters  tinit  tiriglnally  appeare<l  in  successlou. 
come  to  apjicar  simultaneously.  In  other  words  acceleration  may  lie  by 
cHmitmUon,  by  condcnsatwn,  without  change  In  the  order  of  npiienrance  of 
characters,  or,  third,  l)y  irlcsvopinff.  The  latter  Is  condensation  with 
<'hange  In  the  order  of  appearance,  or  as  commonly  expressed,  uneqaal 
acceleration.  It  is  probable  that  paleoblologlsts  have  erreil  in  giving  too 
nnich  emphasis  to  the  principle  of  earlier  Inheritance,  lnvoIve<l  in  the 
law,  just  as  embryologists  ami  morphologists  have  erred  In  entirely  neg- 
lecting this  phase  of  Inheritance.  As  <*oncelved  by  the  [mleobiologist,  the 
law  (»f  accelerati<m  is  an  ex]»lanathai  of  recapitulati<»n,  as  well  as  an  ex- 
planation of  the  failure  to  recaiutulate. 

Another  factor  In  inheritancre  has  lieen  given  the  name  of  retardation 
by  Ooi>e   (15).     By  the  op€»ratlon  of  this  factor,  characters  tlmt  appear 
late  In  the  ontogeny  may  disappear  In  descendants  l)ecause  development 
terminates  before  the  given  <'haracter  Is  reached.     In  this  way.  it  is  con- 
ceived, the  ont<igeny  may  be  shortene<l  and  simplified,  and  many  ances- 
tral  charaitei-s  lost  entirely.     The  result    <»f  the  continue<l   oi>eration  of 
retardation   would  be  retrogression.     That   Is.   the  given   form,   if  it  tvn- 
tinned   to   repeat   the   remoter   ancestral   stages  in   the  early  part  of  ita 
(uitogeny.  and  continued  at  the  same  time  to  drop  off  the  later  ancestral 
stages,  liy  failing  to  i)ro<'ced   far  enougli   in   Its  development,  would  ulti- 
mately come  to  resemble   the   remote   rather  than   the  nearer  ancestors. 
Manifestly  the  retarded  forms  <lo  not  recapitulate  the  lost  characters  w 
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that  here,  also,  as  iu  the  oniissiou  of  characters  lu  the  earlier  stages  of 
ont<i>;eny.  the  heritage  is  incomplete. 

Of  the  complications  of  inheritance  that  arise  from  larval  adapta- 
tions, intra-uterine  adaptations,  and  special  adaptations  arising  in  later 
iife,  1  shall  not  speak.  All  of  these  iiave  been  rei)eatedly  discussed  (see 
for  example  Smith  57),  and  are  well  understood.  Against  all  of  these 
the  paleobiologist  must  be  on  liis  guard.  All  of  these  factors  tend  to  make 
the  parallelism  l>etween  ontogeny  and  phylogeny  inexact,  as  long  ago 
lM)inted  out  by  Cope  (15).  Yet  in  spite  of  the  oi)eration  of  these  factors, 
the  cases  in  whicli  there  is  clear  evidence  of  recapitulation  are  so  numer- 
ous, and  so  well  known  to  the  paleobiologist,  that  were  it  not  for  the 
continually  reiterated  statements  of  certain  embryologists  that  there  Is 
no  such  thing  as  recapitulation,  I  should  hesitate  to  again  point  them 
out.  I  shall  now  take  up  the  evidence  according  to  the  groups  of  or- 
ganisms in  which  it  has  been  ascertained;  and  I  once  more  remind  the 
reader  that  most  of  this  evidence  applies  to  the  epembryonic  and  not  to 
the  embryonic  stages. 

II. 

Cephalopoda. — The  only  existing  representative  of  the  great  group 
of  Tetrabranchiata.  the  class  to  which  nearly  all  of  the  fossil  cephaloi)ods 
l>elong.  is  the  NaiUilus.  The  genus  Nautilus  is  a  striking  example  of  the 
persistence  of  a  primitive  type.  It  belongs  to  the  more  primitive  branch 
of  the  tetrabranchs,  from  which,  according  to  all  the  evidence,  the  marvel- 
ously  complex  ammonities.  <m  the  one  hand,  and  the  modern  naked  cepha- 
loi>ods  are  descended.  Nautilus  is  the  only  tetrabrauch  of  which  the 
entire  ontogeny,  including  the  embrytmic  stages,  is  known. 

This  lack,  however,  in  the  case  of  the  fossil  genera  is  not  as  serious 
as  might  be  supposed,  for  the  reason  that  even  in  these  ancient  forms  all 
of  the  growth  stages  from  the  latest  embryonic  (phylembryonic)  stage  to 
the  adult  are  preserved  in  every  complete  individual  shell.  An  inspection 
of  the  yautilus  shell  makes  this  at  once  apparent,  for  tlie  earlier  stages 
of  the  shell  are  surrounded  and  protected  by  the  later,  and  no  part  of 
the  shell  is  lost  or  resorbed.  In  the  straight  and  loosely  coiled  shells 
only,  such  for  example  as  Orthoceras,  Cyrtoccras,  etc.,  is  the  case  different ; 
and  even  here,  barring  injury,  or  the  dehiscence  of  the  earlier  chambers, 
every  post-embryonic  stage  is  preserved.  From  a  study,  therefore,  of  a 
single  shell,  we  are  able  to  make  out  perfectly  all  of  the  epembryonic  de- 
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velopment  iu  that  part  of  the  orgaulsiu  that  was  most  vitally  affected  bj 
the  environment,  and  which  must  therefore  Indicate  most  perfectly  the 
lines  along  which  the  evolution  proceeded. 

If  the  initial  portion  of  the  shell  of  NautiluJi  be  examined,  it  will  i»o 
found  to  be  characterized  by  a  scar  or  cicatrix.  In  the  Sjime  region  of 
the  shells  of  anunonites  and  some  Nautiloidea  (OrthfKeras),  instead  of  this 
cicatrix,  there  is  present  a  minute,  bulbous  or  bag-like  shell,  attached  to 
the  apex  of  the  shell  proper.  If  in  the  case  of  Orthoceras.  as  shown  by 
Hyatt  (.'^1),  this  bulb,  or  protoconch  be  broken  away,  there  is  exjKwed  a 
scar  (cicatrix)  i>recisely  similar  to  that  of  yautiltuf.  The  initial  shell  or 
protoconch  is  tlierefore  substantially  the  same  in  all  of  the  Tetrabrant^- 
iata.  and  is  supposed  to  point  to  a  "septa-less  and  chaniberle«8  form  simi- 
lar to  the  protoconch**  as  the  common  ancestor  of  these  two  great  divisions 
of  the  Tetrabranchlata ;  and  possibly,  as  Hyatt  suggests  of  the  Cephalo- 
poda, Pteropoda  and  Gastropoda  (31).  The  protoconch  represents  the 
latest  of  the  true  embry<mic  stages,  namely  the  phylembryo. 

Succeeding  this  early  stage  are  the  stages  of  the  shell  proi>er.*  In 
NautiluH  the  early  nej^ionic  porticm  of  the  shell,  wliich  includes  the  forma- 
tion of  the  first  three  septa,  is  only  slightly  curved  (cyrtocerafomi).  Up 
to  the  stage  of  the  formation  of  the  second  septum,  the  shell  is  in  fact 
nearly  straight  (orthorceraform).  The  first  septum  has  an  apieally  di- 
rectetl  caeciun,  and  the  second  septum  an  apieally  directed  closed  tube. 
the  closed  apical  end  of  which  fits  into  the  caecum  of  the  first  septum. 
This  tul>e  is  the  beginning  of  the  slphuncle.  Since  the  tube  fits  closely  Into 
the  caecum,  the  two  together  form  a  continuous  tul)e,  in  which  the  apical 
end  or  Imttom  of  the  siphuncular  tube  fonns  a  partiti(m  or  septum,  so 
tlmt  as  Hyatt  points  out.  the  resemblance  "of  this  early  stage  to  the  adult 
structures  of  Diphraym^tcvraH  becomes  perfectly  clear.**     (81) 

In  the  later  nepionic  stages  ( i.  e.,  after  the  forma.tion  of  the  third 
septum)  the  shell  is  rather  sharply  bent  (the  gyroceran  curve),  so  thtt 
near  the  close  of  the  first  volution  the  whorl  is  brought  back  into  cootad 
with  the  apex  of  the  conch.  This  manner  of  growth  results  In  leaviof: 
an  empty  space  or  umhilical  perforation  between  the  two  halves  of  the 
first  volution.  In  the  ancient  coiled  Nautiloidea  there  appears  at  the  be- 
ginning of  this  (neanic)  stage,  when  the  whorls  come  into  contact,  a  de- 

*  The  Htagcs  from  this  point  on  arc  termed  by  Hyatt  (31),  and  following  hta 
by  practically  all  paleobiolos;lRts  at  the  present  time,  the  nepionic,  neanic,  epkASe 
and  gerontic  stages  ;  mear.ini;  respectively,  the  infantile,  youthful,  mature  and  old 
age  stages  of  growth. 
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pression  or  groove  in  the  dorsum  of  the  whorl,  where  it  rests  against  the 
venter  of  the  preceding  whorl.  This  Is  the  impressed  zone.  In  the  mod- 
ern Nautilus,  however,  this  furrow  or  impressed  zone  begins  in  the  early 
nepionlc  stage,  before  the  ichorU  have  come  into  contact.  This  occurs 
also  in  the  nautilian  shells  of  the  Carboniferous,  Jurassic,  Cretaceous  and 
Tertiary. 

Of  this  truly  remarkable  feature  of  cephalopod  development,  Hyatt 
says:  *'\Vhen  one  ascends  in  the  same  genetic  series  to  the  more  special- 
ized nautilian  involved  shells  this  purely  acipiired  character  becomes, 
through  the  action  of  tachygenesis,  forced  back,  appearing  as  a  rule  in 
the  nepiouic  stage  before  the  whorls  touch.  It  is  therefore,  in  these  forms 
entirely  independent  of  the  mechanical  cause,  the  pressure  of  one  whorl 
ui>on  another,  which  first  originated  it.  One  need  only  add  that  this 
configuration  of  the  dorsum  is  never  found  in  the  adults  of  any  ancient 
and  normally  uncoile<l  shells,  so  far  as  I  know,  nor  so  far  as  have  l)een 
flgure<l."     (31) 

Without  reviewing  any  of  tlie  further  interesting  details  of  the  on- 
togeny of  Nautilus,  enough  has  been  said  to  make  it  evident  that  if  there 
is  any  truth  in  recapitulation,  the  development  of  Nautilus  would  indicate 
(disregarding  the  protoconchal  characters)  an  ancestral  line  that  con- 
tained, first  straight  or  slightly  arched,  then  loosely  coiled,  and  finally 
closely  coiled  shells,  and  that  the  earliest  of  these  possessed  a  septate 
siphuncle.  That  the  geological  series  of  shells  indicates  the  same  thing 
every  paleontologist  knows  perfectly  well.  The  development  of  Nautilus 
also  affords  one  of  the  most  perfect  illustrations  of  the  law  of  tachygene- 
sis,  in  the  earlier  inheritance  of  the  impressed  zone,  known  in  the  whole 
animal  kingdom. 

One  further  illustration,  from  the  Cephalopoda,  of  the  parallelism  of 
ontogeny  and  phylogeny  must  suffice.  This  ilhistration  is  drawn  from  the 
genus  Placenticeras,  one  of  the  complex  Ammonites  of  the  Cretaceous.  The 
develoi)ment  of  this  genus  has  been  beautifully  worked  out  by  Professor 
J.  P.  Smith  (58).  The  species  P,  pacificum  conies  from  the  Chico  forma- 
tion of  the  Upper  Cretaceous.  The  following  account  applies  to  the  de- 
velopment of  this  species  and  Is  drawn  from  the  paper  by  Smith,  cited 
above. 

The  earliest  shelled  stage  was  probably  passed  before  the  animal  was 
hatched.  This  is  the  protoc<mch  or  phylembryo.  It  Is  a  smooth,  oval, 
bulbous  body,  similar  to  that  of  all  the  later  ammonites.     It  probably  rep- 
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resents  an  "adaptive  form,  due  to  life  in  the  egg.  and  does  not  reprewnt 
any  ancient  ancestral  genus,  for  none  of  the  early  cephaloiHMls  were 
fchaped  like  this." 

"With  the  formation  of  the  first  septum,  the  young  ammonite  has  taken 
its  i»lace  among  the  chamhered  cephalopods,  and  has  become,  for  the  time 
heing,  a   nautiloid,  although   it  is  not  |)08sible    ....     to  correlate  it 

with  any  special   genus The   tirst   septum     ....     is  nan- 

tilian  in  character,  but  the  siphuncle  begins  inside  the  protoconch  with 
a  sijjhonal  knob,  or  caecum,  and  the  protoconch  itself  is  calcareous.  These 
are  two  characters  that  the  nautiloids  even  to  this  day,  have  never  yet  ac- 
quired  We   have  in   this   stage   ammonite   characters   pushed 

back  by  unequal  acceleration  [telescoping],  until  they  occur  contempiv 
raneousiy  with  more  remote  ancestral  characters." 

There  is  no  sign  of  an  umbilical  i>erforation  as  in  the  Nautilus,  de- 
scribed above,  a  fact  which  again  shows  the  degree  of  aix»eleratlon  of 
these  ammonites. 

With  the  second  septum  the  ammcmite  characters  are  assumed.  T!ie 
shell  at  this  stage  is  "distinctly  goniatitic,"  but  also  iKissesses  characten*. 
introduced  by  acceleration,  that  belong  to  later  genera.  The  evidence 
indicating  the  goniatitic  as  well  as  later  stages  to  be  mentioned,  is  mainly 
the  character  of  the  suture  lines.  "At  about  live-eighths  of  a  coil  .  .  .  . 
tlie  larva  has  reached  a  stage  correlative  with  the  gtmiatites  of  the  Upper 
Carboniferous."  This  stage  is  quickly  passed,  and  the  goniatitic  char- 
acters are  lost  and  characters  transitional  to  the  ammonite  stage  make 
their  appearance.  "At  one  and  one-twelfth  coils  the  shell  is  transitional 
fr<mi  the  glypliioceran  stage  to  w-hat  resembles  closely  tlie  genus  \annitr* 
of  the  Trias."  In  regard  to  this  stage  Smith  says:  "If  it  had  not  been 
said  that  this  was  a  minute  shell  taken  out  of  an  older  individual,  any 
paleontologist  would  refer  it  without  hesitation  to  the  Glyphioceratldff. 
and  probably  to  ...  .  Pronanniies,  of  the  Ix)wer  CarbonifercMW." 
This  stage  lasts  about  one-half  revolution. 

In  the  neanic  stage,  at  one  and  seven-twelfths  coils,  the  shell  re- 
sembles very  j-tmngly  Vymhitcs,  or  some  related  genus  of  the  I^ower  Ju- 
rassic. Tlie  first  signs  of  shell  sculpture  occur  in  this  stage.  In  the 
next  stage  the  sculpture  becomes  stronger,  and  the  shell  assumes  a  de- 
cidedly aegoceran  appearance.  From  two  up  to  two  and  one-quarter  colla. 
the  shell  resembles  in  most  respects  the  stock  to  which  Perisphinctes  be- 
longs, and  this  is  accordingly  called  the  i>erisphinctes  stage.    Daring  thiP 


317 

stage  the  sides  of  the  shell  become  more  flattened,  and  the  abdominal 
shouldei*s  squarer,  the  varices  frequent,  and  strong  intermediate  ribs  ap- 
l>ear  on  the  sides  and  abdomen. 

In  the  next  (Oosmoaras)  stage  '^the  ribs  no  longer  cross  the  abdo- 
men, but  end  in  tubercles  on  the  abdominal  shoulders,  forming  well  de- 
fined shoulder  keels,  with  a  furrow  between  them.''  Near  the  beginning 
of  the  fourth  coil  the  ribs  are  reduced  to  mere  faint  undulations  and  fine 
sickle-shaped  striae  on  the  sides  of  the  umbilicus,  while  the  external  tu- 
bercles Income  almost  obsolete,  forming  mere  notches  on  the  continuous 
abdominal  keels.  Specific  characters  begin  to  api)ear  here.  This  may  be 
taken  as  the  beginning  of  the  Hoplites  stage.  The  septa  have  not  reached 
the  complete  development  of  the  genus. 

The  umbilical  knots  begin  at  this  stage,  and  growing  stronger,  become 
a  characteristic  feature  of  the  adult  Flaccnticeras.  "Placctiticeras  pacifi- 
cum  at  this  stage  is  wholly  unlike  P.  californicum,  with  which  it  is  asso- 
ciated, being  much  more  compressed  and  discoidal,  with  narrow  abdo- 
men, flatter  sides,  much  less  distinct  sculpture,  and  narrower  umbilicus, 
although  in  the  earlier  adolescent  periods  both  species  are  very  much 
alike."  The  shell  passes  from  t'lis  stage  by  gradual  changes  into  the  adult 
Placvnticeras. 

Professor  Smith's  conclusions  are  of  especial  interest.  He  says:  "The 
development  of  PlacenticcraH  shows  that  it  is  possible,  in  spite  of  dog- 
niatit  assertions  to  the  contrary,  to  decipher  the  race  history  of  an  animal 
in  its  individual  ontogeny."' 


*  For  further  illu8tration8  of  recapitulation  among  the  Cephalopoda,  the  stu- 
dent should  consult  the  following  papers :  Branco,  W.,  Beitrilge  zur  Entwicldungs- 
geschichte  der  fossilen  Ccphalopoden,  Paleontographwa,  vols,  xxvi,  xxvii,  1870,  '80. 
Buckman,  S,  S.,  Monograph  of  the  Inferior  Oolite  Ammonites,  Patcontographival 
Hociety,  1887-*96,  Hyatt,  A.,  Paralellism  of  the  individual  and  the  order  among 
tetrabranchiate  Moltusks,  Mem.  Bos.  8vc.  Xat.  Hist.,  vol.  i,  1866;  Fossil  cephalo- 
pods  of  the  Museum  of  Comparative  Zoology,  Bull.  Mus.  Comp.  Zool.,  vol.  lii.  1872; 
Genesis  of  the  Arirtido?,  StnithsonUm  Contr.  to  Knoicl..  vol.  xxvi,  1889;  Phylogeny 
of  an  acquired  characteristic,  Pror.  Am.  Phil.  Soc,  vol.  xxxii ;  Cephalopoda,  in 
Text  Book  of  Paleontology  by  Zittel  (Eastman  trans.),  1S99.  Hyatt,  A.,  and  Smith. 
J.  P.,  Trlasslc  cephalopod  genera  of  North  America.  V.  8.  Oeol.  Surv.  Prof.  Paper 
No.  40,  1905.  Karpinsky,  A..  Ueber  die  Ammoneien  der  .Vrtinsk-Stufe,  Mein.  Acad. 
8c-i.  Imp.  St.  Petersburg,  vol.  xxxvil,  No.  2,  1889.  Neumayr,  M.,  Die  Ammoniten 
der  Kreide  und  die  Systematik  der  .\mmonitiden,  Zeitschr.  der  Deutch.  Oeol.  Qes., 
187.'> :  Ueber  unvermittelt  auftretende  Cephalopodentypen  im  Jura  Mittel-Europas, 
Jahrh.  d.  K.  K.  Oeol.  Iteivhs.  Wien,  vol.  xxvili.  1878.  Smith,  .T.  P.,  The  development 
of  Olyphioceras  and  the  phylogeny  of  the  Glyphloceratida),  Proc.  Calif.  Acad.  8ci., 
(3)  Oeol.,  vol.  i,  1897;  The  Development  of  Lytoceras  and  Phylloccras,  lIHd., 
1898:  Larval  stages  of  Schloenbachia,  Jour.  Morphology,  vol.  xvi,  1899;  The  Car- 
boniferou.s  Ammonolds  of  America,  Monog.  U.  S.  G.  S.,  No.  xlii,  190.3.  Wiirtenburger. 
R..  Stndien  iiber  die  Stammgeschlchte  der  Ammoniten,  Leipzic,  1880. 
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Pelecypoda. — The  classic  memoir  of  Jackson  (32)  on  the  phylogeuy 
of  the  Pelecypoda  brings  together  numerous  illustrations  of  recapitula- 
tion among  the  members  of  this  class  of  animals.  Jackson's  conclusions 
are  well-known,  and  I  shall  therefore  review  them  very  briefly. 

From  a  study  of  a  large  number  of  genera  rei)resenting  widely  diver- 
gent members  of  the  Pelecypoda,  Jackson  concludes  that  there  is  present 
throughout  the  group  an  embryonic  shell,  which  he  calls  the  "prodisso- 
conch'*  (a  term  correlative  with  the  term  protoconch  of  the  Cephalopoda 
and  Gaslrojioda ) ,  and  which  is  a  simple  bivalve<l,  eiiuivalve  shell.  At  this 
(pliylembryoDic)  stjige  of  (leveloi)ment  there  are  two  adductor  muscles, 
even  in  genera  in  which  the  adult  have  only  one  adductor.  That  is,  the 
prodissoconch  is  dimyarian  even  though  the  adult  animal  may  be  niono- 
myarian.  In  the  Aviculidje  and  their  allies  (Ostrea,  Avicula,  Pcrna,  Pco- 
ten,  Plicatula,  Anomia)  the  prodissoconch  very  closely  resembles  in  form 
the  primitive  genus  Nucula.  The  anatomical  characters  of  the  prodisso- 
conch also  bear  out  this  resemblance.  It  is  therefore  Inferred  that  some 
such  type  as  Nucula  is  the  primitive  ancestor  of  the  Aviculidie.  and  pos- 
sibly of  the  Pelecypoda.  The  palecmtological  and  anatomical  evidence 
supi)orts  this  conclusion. 

We  have  liere,  then,  in  the  Aviculidie  and  their  allies,  a  gnmp  of 
monomyarians,  some  of  them,  as  Oatrea,  Plicatula,  and  Anomia,  of  very 
aberrant  form,  the  representation  in  the  ontogeny  of  a  dimyarian  stage, 
which,  from  all  the  evidence,  actually  characterize<l  the  adults  of  the 
ancestors  of  the  group.  Whether  or  not  Nucula  is  the  actual  ancestor  of 
this  group  of  i)elecypoda,  it  is  quite  certain  that  the  earliest  pelecypods 
were  of  the  same  general  form  as  I  lie  prodissoconch,  and  that  they  were 
dimyarian. 

In  the  same  paper  Jackson  has  shown  in  a  masterly  manner  that 
the  ostreaform  shape  of  the  shell,  which  characterizes  many  more  or  less 
widely  separated  genera  of  pelecyi)o(ls,  is  due  to  "the  mechanical  con- 
ditions of  direct  cemented  fixation."  'i'liese  ostreaform  sliells  are  very 
variously  deriveil,  and  should,  if  there  is  anything  in  the  theory  of  re- 
cjipltulation,  each  show  In  the  young  stages,  before  the  valves  have  be- 
con\e  fixed,  the  distinctive  adult  characters  of  its  particular  ancestor.  In 
this  case  we  are  relieved  from  the  danger  of  arguing  in  a  circle  by  the 
fact  that  the  genetic  relations  of  most  of  the  forms  are  fairly  well  known 
froii'  lines  of  evidence  other  than  the  ontogeny.  The  following  si>eciflc 
cases  cited  by  Ja<.*kson  are  of  esi>eclal  interest. 
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MuUeria  lobata,  a  member  of  the  Uiiioiildje,  "is  so  remarkably  like  an 
oyster  (in  the  adult)  that  it  has  been  called  the  fresh-water  oyster.  In 
the  monomyarian  adult  ....  the  shell  is  rough  and  Irregular  with 
a  doej)  attached  and  tlattish  free  valve,  and  a  si^ecimen  in  the  Museum  of 
Comparative  Zoology  is  indistinguishable  in  shape  from  forms  commonly 

found    in    Ostrva    vlrginiann The    young    shell     of    MuUeria 

.    .     .    .     is  Anodon-shaped,  equivalvular  and  dimyarian  as  describe<l  by 
authors." 

llinnitcs  is  another  genus  which  has  the  ostreaform  adult.  "In  the 
yoiuu'.  it  is  free  and  pectiniforni,  but  in  the  adult  ....  so  close 
is  the  likeness  to  an  oyster  that  in  the  sj-nonomy  of  the  genus  it  has  been 
named  Ostrca  and  Osiraviics''  In  Hinnites  cortvui  of  the  Tertiary,  in 
the  neanic  stage,  the  right  valve  is  purely  pectlniform.  "It  has  the  well- 
developed  ears,  deep  byssal  sinus,  and  an  evenly  plicated  shell  which  at 
this  stage  is  nearly  or  quite  equivalvular."  With  the  i>eriod  of  attach- 
ment a  most  marked  change  in  the  valves  takes  place  and  the  adult  lie- 
comes  deeply  concave  (in  tlie  right  attached  valve)  and  highly  ostrea- 
form. The  byssal  notch  is  filled  up  and  "(!omi)letely  wiped  out  of  exist- 
eiice." 

In  genera  such  as  Osirea  and  PlicatuJa,  where  fixation  takes  place 
jit  the  cl(»se  of  the  prodissoconcii  stage,  the  sutrceeding  stages  give  very 
little  indication  of  the  ancestry,  owing  to  the  extensive  mo<liflcation  of  the 
shell  as  soon  as  fixation  takes  place.  According  to  Dall  Ostrca  is  derivetl 
from  the  Pteriida*. 

f<poniIytuM  is  another  genus  in  whicli  cementation  has  caused  exten- 
sive modification  of  the  valves  in  the  adult.  Fixation  takes  place  at  the 
close  of  the  nepi(mic  period.  Therefore  this  genus  may  be  expected  to 
afTord  some  evidence  of  recapitulation.  The  first  nepionic  stage  of  Spon- 
ilfjIuH  is  decidedly  pectinif(»rm.  It  has  a  long  hinge-line  and  a  deep  byssal 
sinus.  After  fixation,  in  the  first  stages  of  irregular  growth,  the  byssal 
n<itch  is  soldered  over,  and  eradicated  in  a  manner  similar  to  Hinnites. 

Another  Illustration  of  recapitulation  among  the  Pelecypoda  is  the 
case  of  Pecten  itself.  Of  this  genus  Jackson  says:  "In  the  development 
of  the  modern  Pcctcn  we  find  in  the  first  stages  of  dissoconch  growth  a 
form  of  shell  ....  presenting  characters  which  make  it  referable 
in  ancestral  origin  to  Rhomhopteria,  a  member  of  the  true  Aviculidse,  later 
succeeded  by  a  growth  ....  bearing  marked  features  referable  In 
origin  to  an  ancestral  genus  Ptciiuopectcn Still  later  a  stage 
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exists  ....  which  is  referable  in  its  inherited  form  to  AviculoiH^ 
ten,  and  Anally  the  true  Pcctcn  features  cliaraeteristic  of  tlie  adult  .... 
are  established.  The  geological  sequence  of  these  several  groups  is  in  the 
order  indicated  l)y  the  development  of  Pcctcn.  We  have,  tlierefore.  a 
clear  case  of  the  ontogeny  of  an  individual  illustrating  the  i)hylogeny  of 
the  group.** 

Gastropoda. — For  studies  of  tlie  GastroiK)da  in  which  growth  stajre«» 
liave  especially  been  taken  into  consideration  we  are  indebted  chiefly  to 
Grabau  (22.  23,  24,  25)  and  Burnett  Smith  (.>S.  54,  55,  50).  My  illostra- 
tions  of  recapitulation  am<mg  the  meml)ers  of  this  class  will  l)e  drawn, 
therefore,  from  the  writings  of  tliese  two  authors. 

It  is  commonly  known  that  the  apical  whorl  of  the  gastroiMxl  shell 
may  differ  materially  from  the  succec»ding  pt>rtions  of  the  shell  (conch), 
being  smooth  and  without  ornament  in  erases  where  tlie  conch  is  highly 
sculptured,  or  in  some  form.s.  as  Actmica  and  Crcindnhi.  being  t'oiled.  al- 
though the  adult  shell  is  pateillform  and  non-coiled.  To  this  apical  whorl 
the  name  '*protoc!onch"  has  come  to  be  applied,  a  name  which,  as  we  have 
already  seen,  is  also  applied  to  the  emliryonic  shell  of  the  Cephalopoda, 
(irabau  (22)  has  suggested  the  use  of  the  name  'l)rotorteeonch"  in  place 
of  protoconch  for  the  initial  shell  of  the  gastropods. 

The  protoconch  of  the  existing  Gastropoda  is  more  variable  thao 
that  of  the  Cephalopoda,  as  would  be  expected  from  the  highly  specialised 
nature  of  most  of  the  extant  representatives  of  the  class.  In  most  cases 
there  is  no  definite  line  of  demarkation  i)etween  the  protoconch  and  the 
conch,  but  in  a  few  cases,  as  in  Fusus,  etc.,  the  "end  of  the  protoconch  Is 
stnmgly  marked  by  the  existence  of  a  pronounced  varix  and  an  abrupt 
cliange  of  ornamentation."  (22)  'The  early  whorls  of  the  protoconch 
.  .  .  .  are  smooth  rounded  coils  of  the  type  found  in  adnlt  Saticm, 
.  .  .  .  In  the  majority  of  cases  the  initial  whorl  is  minute,  while  the 
succeeding  ones  enlarge  gradually  and  regularly.  In  some  tyfies  tlie  in- 
itial whorl  is  large  and  swollen This  tyi»e  of  protoconch  has 

been  termed  'bulbous'  by  Da  11  (19).  The  naticoid  form  of  protoconch 
is  in  general  umbilicated,  and  it  is  probable  that  at  least  the  earlier  ;n»r- 
tion  of  the  protoconch  is  lunbilicated  in  the  majority  of  gastroi>od8. 

'*Krom  the  characters  of  the  initial  whorls  of  the  protoconch  we  may 
argue  that  the  radicle  of  the  coiled  gatropods  must  have  been  a  naticoid 
type  with  a  well-marked  umbilicus.  .Such  a  tyiw  is  found  in  8traparolHm€ 
rcmota  Billings,  one  of  tiie  earliest  coiled  gastropods  of  the  EtcheminlaD 
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•ir  Lower  Cniubrian  of  the  Atlantic  border  province  of  North  America. 
That  it  is  not  the  most  primitive  type  of  gastropod  is  snpi?ested  by  the  con- 
sideration that  the  earliest  stage  ....  of  tlie  protoconch  is  not 
coiled,  but  rather  cap-shaped  like  modern  Patella.  Such  primitive  tyi^es 
are  found  in  Ix>vver  Cambrian  species  which  have  variously  been  referred 
to  Platyceras,  Sccnella,  or  Stenothecn,  owing  to  the  want  of  sufficient 
characteristics  to  define  their  exact  relations."     (22.) 

From  the  above  it  appears  that  the  early  protoconch  stages  indicate 
an  ancestor  of  the  simple,  smooth  shelled,  umbilicated  tyi>e  exemplified  by 
SfraparolUna,  and  that  this  is  actually  the  only  type  of  coiled  gastropod 
characteristic  of  the  basal  Cambrian.  It  is  also  likely  from  paleontolog- 
ical  evidence  that  the  very  earliest  type  of  gastropod  possessed  a  conical 
or  cornucopia-shaped  shell  of  the  Scenella  type.*  Such  an  ancestry  is, 
ncc*ording  to  (Trabau,  suggested  by  the  cap-shaped  earliest  stage  of  the 
protoconch.* 

One  of  the  most  completely  worked-out  cases  of  recapitulation  among 
Gastropoda  that  has  come  to  my  knowledge  is  that  of  the  races  of  Athleta 
petrosa  Con.  and  its  allies.  The  phylogeny  of  this  group  of  gastropods 
has  been  very  fully  studied  by  Burnett  Smith  (54),  from  whose  paper 
the  following  account  is  drawn. 


*  SardesoD  (50)  suggests  that  the  gastropod  ancestor  wan  an  "asymmetrical 
long  conical  shell"  of  the  pteropod  type.  He  may  be  right,  but  even  so,  I  do  not 
see  that  his  conclusion  would  In  the  least  invalidate  the  conclusions  of  (irabau  in 
reprard  to  the  phylogenetic  significance  of  the  protoconch,  although  Sardeson  seems 
to  think  so.  Grabau  says  very  plainly  that  the  coiled  shell  is  probably  not  the 
most  primitive  type  of  shell,  and  he  points  out  the  fa?t  (quoted  above)  that  the 
Initial  portion  of  the  protoconch  is  cap-shaped  and  may  indicate  some  such  remote 
ancestor  as  the  Cambrian  forms  referred  to  the  genera  Platyaeras,  Stcnotheca,  and 
Scenella.  Whether  this  patelliform  ancestor  was  in  turn  derived  from  a  long 
conical  shell,  or  whether  on  the  other  hand  the  colled  type  of  shell  was  derived 
directly  from  the  "long  conical"  shell  without  the  mediation  of  a  patelliform 
ancestor,  does  not  materially  affect  the  conclusions  that  at  a  very  remote  time 
a  coiled  gastropod  radicle  was  established  from  which  practically  all  modern 
gastropods  were  derived.  To  my  mind  the  conclusion  that  the  ultimate  ancestor 
of  the  Gastropoda  was  a  "long  conical"  shell  is  by  no  means  established. 

2  Burnett  Smith  (55;  concludes  from  a  study  of  the  Tertiary  species  of  the 
genus  Athleta  that  "we  can  say  for  this  restricted  normal  group  at  least  that  the 
apex  is  not  only  a  variable  feature,  but  the  most  variable  feature  which  the  shells 
furnish."  In  a  footnote  he  says  "The  author  is  thoroughly  convinced  that  the 
features  of  the  apex  must  be  used  in  classification  with  great  caution."  The  varia- 
tions which  he  cites  in  this  and  other  papers  (54,  55,  56)  seem  to  be  chiefly  in 
the  size  of  the  protoconch,  and  the  degree  to  which  acceleration  has  caused  conchal 
characters  to  appear  In  the  later  protocon::hal  stages.  His  caution,  however,  in 
regard  to  the  classiflcatory  value  of  the  protoconch,  should  put  students  of  the 
gastropods  on  their  guard  against  a  too  free  use  of  this  portion  of  the  shell  in  the 
establishing  of  genera. 

[21—23003] 
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The  species  under  consideration  occur  in  the  Gulf  Eocene,  exteodinj; 
nearly  throughout  it.  They  have  heretofore  been  referred  to  the  genn» 
Volutilithes,  but  are  placed  by  Smith  (55)  in  the  genus  Athlcta.  Smith 
states  that  the  material  at  his  disposal  was  very  complete,  and  mabled 
him  to  study  large  series  of  individuals,  very  carefully  collected  with  ref- 
erence to  horizon.  The  stratigraphy  of  the  formations  from  which  they 
came  is  also  well  understood.  These  favorable  conditions  of  study,  it  may 
be  remarked,  are  especially  important  in  tlie  present  connection,  because 
they  enabled  Smith  to  trace  out  the  evolution  of  the  forms  practically 
continuously  from  zone  to  zone,  without  being  chiefly  dependent  on  onto- 
geny for  indications  of  their  relationships.  Another  fortunate  circmn- 
stance  is  the  fact  that  this  author  is  disposed  to  use  the  evidence  frcra 
ontogeny  with  the  utmost  discretion,  everywhere  checking  it  by  an  ap- 
peal to  the  morphological  and  geological  series. 

In  the  forms  under  consideration,  the  first  two  or  three  whorls  are 
smooth  and  rounded,  constituting  the  smooth  or  protoconchal  stage.  **The 
first  ornamental  feature  to  appear  on  the  smooth,  rounded  whorl  is  the 
transverse  rib,  that  is,  a  slight  elevation  of  the  whorl  which  runs  acruw  it 
from  suture  to  suture.  These  early  ribs  are  invariably  curved  slightly, 
and  each  one  is  simple  and  uniform  from  suture  to  suture.  The  curved 
ribs  persist  as  a  rule  for  about  a  quarter  or  a  half  of  a  whorl,  or  even 

for  a  much  less  space The  curved  rib  stage    .     .     .    .    hw 

been  found  in  every  species  and  race  dealt  with  in  this  paper.  The  curved 
ribs,  after  about  one-third  of  a  whorl,  change  abruptly  into  the  straight 
ribs  of  what  has  been  designated  the  cancellated  stage.'* 

"The  cancellated  condition  is  found  more  or  less  well  developed  in 
all  the  different  races.  In  the  primitive  races  It  may  persist  as  a  con- 
stant fentnre  to  the  end  of  the  individual's  life;  but  In  most  forms  it 
covers  <mly  a  few  whorls  and  is  more  variable  than  the  preceding  cnnre«I 
rib  stape."  The  end  of  the  cancellated  stage  is  much  less  definite  than 
the  beginning.  It  is  followed  by  the  "spiny  stage."  In  this  stage  the 
shoulder  tubercle  is  sharp  and  spine-like.  Other  tubercles  have  disap- 
peared, and  this  portion  of  the  shell  Is  therefore  no  longer  cancellated. 
Succeeding  the  spiny  stage,  there  may  be  a  senile  stage. 

In  the  base  of  the  Eocene  at  Matthew's  Landing,  Alabama,  occurs  a 
species.  Athlcta  limopsis,  which  from  its  primitive  characters,  and  Ita  po- 
sition at  the  base  of  the  EJocene,  Smith  regards  as  the  ancestor  of  the 
races  and  species  which  he  deals  with  in  his  paper.     This  form  preaenti 
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no  stages  later  than  the  cancellated  stage.  There  Is  also  very  little  in- 
dividual variation.  Associated  with  A.  Umopsia  is  the  species  A.  rugatus. 
In  its  earlier  stages  this  8i)ecie8  very  closely  resembles  A.  limopsis,  but 
**differ8  radically  ....  from  that  form  with  the  progress  of  its 
ontogeny."  In  its  later  whorls  it  presents  evidence,  though  not  extreme, 
of  senility.     It  has  no  spiny  stage. 

The  next  species  A.  petrosa,  represents  an  assemblage  of  races  con- 
nected by  many  intergrading  forms.  These  races  range  upward  from  the 
Nanfalia  beds  to  the  Jackson  beds  of  the  Eocene.  Several  of  them  are 
senile  races,  and  in  the  adult  strikingly  different  from  the  ancestral  form, 
.4.  limopais.  Smith  says,  however,  that  the  young  of  all  the  races  "are 
remarkably  uniform  and  constant.  The  early  whorls  indicate  clearly  that 
they  are  all  descended  from  a  cancel  a  ted  ancestor,  and  bear  a  strong  re- 
semblance ....  to  the  characters  of  A.  Umopsia"  Some  of  the 
senile  races  of  petrosa  are  profoundly  modified  in  the  adult,  as  for  ex- 
ample, the  Hatchetigbee  race,  derived  from  the  main  stock  through  the 
Beirs  Landing  and  Wood's  Bluff  races.  Yet  their  derivation  from  the 
main  stock  is  shown  by  intermediate  forms,  and  the  young  of  the  terminal 
races  greatly  resemble  the  ancestral  form.  In  the  Jackson  race,  which  is 
the  terminal  member  of  the  main  stock,'  the  last  two  whorls  are  spiny, 
and  the  last  whorl  shows  some  senile  characters  at  its  close.  'This  race 
shows  a  regular  and  even  ontogeny."  Acceleration  has  carried  the  curved 
rib  stage  back  to  the  beginning  of  the  third  whorl,  whereas  in  the  an- 
cestral A.  limopais  this  stage  begins  near  the  close  of  the  fourth  whorl. 

Smith  has  graphically  expressed  the  main  developmental  and  phylo- 
genetic  changes  in  the  following  diagram : 
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In  the  above  diagram  the  figures  across  the  top  stand  for  the  number 
of  the  whorl  of  the  shell,  and  the  letters  indicate  the  different  ontogenetic 
stages  as  follows: 


324 

A — Smooth  stage. 
B — Curved  rib  stage. 
C — Cancellated  stage. 
D — Spiny  stage. 
E — Senile  stage. 
I — Individual  variation. 

The  acceleration  of  the  Jackson  race  is  beautifully  brought  out  in 
this  diagram,  and  as  Its  correlative,  the  recapitulation  in  the  earlier  onto- 
geny  of  the  later  races,  of  the  adult  characters  of  the  ancestral  race.  The 
individual  variations  may  occur  on  any  part  of  the  shell,  but  usually  fol- 
low stage  C.^ 

Brachiopoda, — Among  the  members  of  this  class  there  is  a  wealth  of 
illustrations  of  recapitulation.  I  can  only  select  a  few  cases  that  have 
been  worked  out  In  Fuch  a  way  that  the  relationships  of  the  forms  are  in- 
dicated by  the  morphological  and  geological  series  as  well  as  by  the  on- 
togeny. The  pioneer  student  of  the  correlation  of  ontogeny  and  phylogeny 
among  the  brachiopods  was  Beeeher,  whose  refined  researches  in  jwileo- 
biology  have  never  been  excelled  and  rarely  equaled. 

The  developing  brachioiK>d,  in  the  later  embryonic  stages,  secretes  in 
the  mantle  on  opposite  sides  of  the  iKxly  two  shell  plates,  which  by  iieripU- 
eral  growth  ultimately  meet  ait  the  edges  and  form  the  initial  shelly 
investment  of  the  animal.  This  initial  shell  to  which  Bee<:her  has  given 
the  name  "protegulum"  (G)  is  of  very  simple  form,  consisting  substan- 
tially of  two  convex  plates  of  semicircular  plan,  gaping  at  the  posterior 
straight  edges.  Through  this  gap  between  the  two  valves  the  pedicle 
(organ  of  attachment)  projects.  At  first  the  pedicle  occupies  the  full 
width  of  the  valves,  but  subsequent  peripheral  growth  of  the  shell  wlth- 


^  For  additional  studies  of  the  gastropoda  from  the  developmental  f(tandp<^t 
see  the  following :  Koken,  E.,  Ueber  der  Gastropoden  vom  Cambrium  bis  xur  Triaf^ 
Jahrb.  fur  Mineral.  Oeol.  u.  Pal.,  1889,  Bell.  Bd.  vi.  Linden.  Grafen  M.  toi. 
Die  Entwicklung  der  Skulptur  und  der  Zeichnung  bei  den  Gchausschneckni  det 
Meeres,  Zeilachr.  Wi88.  ZooL,  vol.  1x1.  1890.  Grabau,  A.  W.,  Studies  of  Gastro- 
poda II,  Fulgar  and  SycotypuR.  Am.  yal.,  vol.  xxxvif,  190^;  Phylogeny  of  Fusos  tad 
its  allies,  Smithsonian  Miscell.  Coll.,  vol.  xliv,  1904  ;  Studies  of  Gastropoda  HI 
on  Orthogenetic  variation.  Am.  \ar,  vol.  xli,  1907.  Smith,  Burnett,  Fhylofeay 
of  the  species  of  Tulgur  with  remarks  on  an  abnormal  8p<'clmcn  of  Fulgnr  ctMl- 
iculatum  and  sexual  dimorphism  in  Fulgur  carica,  Proc.  Acad.  Sat.  8ci.  PhUa,,  vol. 
liv,  1902;  Senility  among  Gastropods.  Prov.  Acad.  \at.  Sci.  Phila.,  vol.  IrlL  1906: 
Phylogeny  of  the  races  of  Volutiiithcs  petrosus.  Proc.  Acad.  Nat.  8ci.  Phiia.,  llardi. 
1906;  A  new  species  (.f  Alhleta  and  a  note  on  the  morphology  of  Athleta  petro* 
Proc.  Acad.  \at.  8ci.  Phila.,  May,  1907 ;  A  contribution  to  the  morpbologir  «i 
Pyrula,  Proc.  Acad.  A  a/.  Sci.  Phila..  May,  1907. 
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out  corresponding  enlargement  of  the  i)ediele,  leaves  the  latter  restricted 
to  a  notch  (delthyriuni)  in  the  posterior  margins  of  tlie  valves,  providing 
the  peripheral  growth  is  abriiit  etjual  on  all  anterior  and  lateral  radii. 
If  the  sliell  growth  is  greater  in  tlie  anterior  direction,  the  shell  becomes 
pointed,  the  pedicle  (posterior)  end  remaining  of  ai)out  tiie  original 
width.  If  the  shell  gi'owth  is  mainly  in  the  lateral  directions,  the  sliell 
becomes  wide,  with  a  long  straight  hinge,  of  wliich  the  i>edicle  opening 
forms  a  very  small  |)roportion.  Whatever  may  be  the  later  growth  of  the 
shell,  all  the  earlier  stnges  are  preserved,  except  in  cases  where  the  beaks 
are  injured  or  resorbed  by  the  encroachment  of  the  pedicle  in  adult  and 
senile  stages.  The  growth  of  the  shell  is  entirely  by  additions  at  the  mar- 
gins or  on  the  inner  surface.  It  follows  that  the  protegulum  may  in  ex- 
ceptionally well  [^reserved  material  be  seen  intact  at  the  beaks  of  the 
adult  shell.     It  is  often  seen  at  the  apices  of  young  shells. 

Searching  for  the  phylogenetic  significance  of  the  protegulum,  Beecher 
(<j)  ascertained  that  certain  of  the  earliest  known  brachiopods  approxi- 
mate very  closely  in  form  to  the  protegulum,  and  he  selected  the  genus 
Paterina  (Iphidca)  as  the  radicle  of  tlie  class.  It  has  since  been  shown 
that  Paterina  is  not  the  most  ppimitive  known  brachioiKxl.'  It  is  still 
true,  however,  that  the  ma^t  primitive  brachiopods  known  are  of  the 
same  general  form  and  type  as  Paterina,  in  fact  they  approximate  more 
closely,  if  anything,  than  that  genus,  to  the  form  of  tlie  protegulum.  It 
may  be  very  safely  concluded,  therefore,  from  the  geological  evidence, 
that  the  primitive  l>rachiojK)d  was  actually  of  the  tyi>e  indicated  l)y  tlie 
protegulum. 

Beecher  says  of  Paterina:  "In  mature  specimens,  all  lines  of  growth, 
from  the  nucleai  shell  to  the  margin,  are  unvaryingly  parallel  and  con- 
centric, terminating  abruptly  at  the  cardinal  line.  In  other  words,  no 
changes  occur  in  tlie  outlines  or  proportions  of  tlie  shell  during  growth, 
through  the  iiei)ioiiic  and  iieanic  stages  up  tr)  and  including  the  com- 
pleted eph€»bic  c'ondition.  Tlie  resemblance  ol'  this  form  to  the  protegulum 
of  other  brachiopfjds  is  verj'  marked  and  signiticant.  as  it  represents  a 
mature  type  liaving  (iily  the  comnicm  embryonal  features  of  other  genera." 

Among  the  Brachiopoda,  as  among  the  Pelecypoda  there  are  a  number 
of  forms  in  which  the  condition  of  very  close  fixation  or  of  burrowing  has 


^  Walcott  (G2)  Hcems  to  reserve  this  distinction  for  his  genus  liustella.  Pater- 
ina is  by  him  made  a  subgenus  of  the  ijenus  Micromiira.  These  forms  are  all 
placed  In  the  superfamlly  RuslcUacen. 
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given  rise  to  extremely  aberrant  types.  One  of  the  most  extreme  of  theae 
types  is  the  genus  ProboscideUa.  The  adults  of  this  geuus  bear  a  rery 
marked  resemblance  to  the  Pelec*yi)od  genus  AapergiUum.  lu  the  early 
neanic  stages  Prohoscidella  resembles  an  ordinary  Froductus,  from  which 
genus  the  tyi)e  is  known  to  have  descended.  OrhiaUoidca  is  a  genus 
originating  in  the  Ordovician,  and  extending  through  the  Mesozoic.  The 
first  stage  is  paterina-like,  the  second  resembles  Obolclla,  the  third  is  like 
Schizocrania,  and  adult  growth  brings  in  the  characters  of  Orbiculoidea. 
The  geological  order  of  these  genera  is  the  same  as  the  ontogenetic  order 
of  Orbiculoidea. 

Of  Orbiculoidea  and  its  allies  Beecher  (7)  says:  **The  early  stages 
of  Paleozoic  Orbiculoidea  have  straight  hinge-lines  and  marginal  beaks, 
and  in  the  adult  stages  of  the  shell  the  beaks  are  usually  subcentral  and 
the  growth  holoperipheral.  This  adult  discinoid  form,  which  originated 
and  was  acquired,  through  the  conditions  of  fixation  of  the  animals,  has 
been  accelerated  in  the  recent  IHsvinisca  so  that  it  appears  in  a  free-swim- 
ming larval  stage.  Thus  a  character  acquired  In  adolescent  and  adult 
stages  in  a  Paleozoic  species,  through  the  mechanical  conditions  of  growth, 
appears  by  acceleration  in  the  larval  stages  of  later  forms  before  the  as- 
sumption of  the  condition  of  fixation  which  first  produced  this  character.** 

In  the  higlier  genera  of  the  TerebratellidjB,  the  ontogeny  recapitulates 
the  phylogeny  with  remarkable  fidelity,  as  pointed  out  by  Beecher   (7). 
This  example  has  liecome  classic,  so  that  it  is  scarcely  necessary  to  re- 
l)eat  the  details.     I   shall   give  Beecher's  conclusions  in  his  own  words. 
He  says:     **In  each  line  of  progression   [the  austral  and  l)oreal  subfami 
lies  J  in  the  Terebratellida^,  the  acceleration  of  the  period  of  reprwluctioo. 
by  the  influence  of  environment,  threw  off  genera  which  do  not  go  through 
the  complete  series  of  metamorphoses,  but  are  otherwise  fully  adult  and 
even  may  show   reversional   tendencies  due  to  old  age;    so   that  nearly 
every  stage  passed  through  by  the  higher  genera  has  a  fixed  representi- 
tive  in  a  lower  genus.    Moreover  the  lower  genera  are  not  merely  eqalva- 
lent  to  or  in  exact  parallelism  with,  the  early  stages  of  the  higher,  hat 
they  express  a  permanent  type  of  structure,  as  far  as  these  genera  are 
concerned,   and  after  reaching  maturity  do  not  show  a   tendency  to  at- 
tain higher   phases  of  development,   but  thicken  the  shell   and  cardlnil 
process,    absorl)    the   deltidial    plates,    and    exhibit    all    the   evideoces  of 
senility." 
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Raymond  (4C)  has  pointed  out  a  number  of  interesting  cases  of  reca- 
[)itulation.  The  very  connnon  and  well-known  Devonian  Spirifer,  8,  mu- 
cronatus,  has  the  cardinal  extremities  in  the  adult  very  acute  (mucro- 
nate).  sometimes,  indee<l,  drawn  out  into  needle-like  points;  while  the 
number  of  plications  may  be  thirty  or  more.  In  the  neanic  stage  these 
transversely  elongated  spirifers  pass  through  forms  corresponding  to  the 
adults  of  certain  Niagara  species.  The  adult  of  8.  crispu^,  corresponds 
very  closely  in  shai)e,  numl>er  of  plications,  and  shell  index  with  these 
young  si)ecimens  of  S.  mucronatus. 

Shimer  and  Grabau  (51)  have  shown  that  in  the  upper  part  of  the 
Hamilton  series  of  Thedford.  Ontario,  there  occurs  a  variety  of  Spirifer 
mucronatus,  which  though  not  mucronate  at  all  in  the  adult,  is  "extremely 
mucronate"  in  the  neanic  stage.  At  this  stage  also  there  is  evidence  of 
the  median  plication  of  the  sinus,  another  charactertistic  of  the  adult  of 
the  normal  8.  mucronatus.  In  the  adult  of  the  Thedford  variety  this 
median  plication  has  disappeared.  The  geological  and  morphological  evi- 
dence of  the  derivation  of  this  form  of  8,  mucronatus  is  complete. 

I  have  pointed  out  an  exactly  similar  case  in  the  variety  senex  of 
Platystrophia  acutilira4a  (16).  This  variety  occurs  in  the  upper  part 
of  the  Whitewater  division  of  the  Richmond  series  of  Indiana  and  Ohio. 
Platystrophia  acutilirata,  as  is  well  known,  is  very  mucronate  in  the 
adult,  resembling  in  its  general  outline,  Spirifer  mucronatus.  It  was  In 
fact  at  first  referred  to  the  genus  Delthyris  (Spirifer),  The  normal  form 
is  shown  by  an  unusually  closely  graded  series  of  intermediate  forms  to 
be  descended  from  P.  latieosta,  and  it  repeats  the  adult  characters  of  the 
latter  very  faithfully  in  its  late  neanic  stage,  becoming  always  more  mu- 
cronate as  development  proceeds.  The  upper  Whitewater  form,  var. 
senex,  frequently  has  entirely  lost,  in  the  adult  stages,  the  acute  angula- 
tion of  the  cardinal  extremities,  so  that  the  lateral  and  cardinal  edges 
make  a  right,  or  nearly  a  right  angle.  In  the  young  (neanic)  stages  of 
P.  senex,  however,  the  shell  is  decidedly  mucronate,  so  that  these  young 
shells  exactly  resemble  the  normal  Platystrophia  acutilirata  of  the  lower 
Whitewater  and  Liberty  formations.  P.  senex.  it  may  be  remarked,  is  a 
well  defined  form,  and  its  derivation  from  P.  acutilirata  is  beyond  ques- 
tion, since  it  is  connected  with  the  latter  by  every  gradation. 

Another  interesting  case  of  recapitulation  among  the  brachiopods  has 
been  worked  out  with  great  care  by  Mr.  F.  C.  Greene  (27).  In  this  case 
also  no  pains  was  spared  to  ascertain  the  relationships  of  the  various 
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forms  by  tracing  tlieni  continuously  from  zone  to  zone,  and  by  a  eorapariaoo 
of  the  morphological  characters  of  the  adults.  The  proup  studied  by 
Greene  is  that  of  CtumeUs  granulifcr,  from  the  Upper  Carboniferous  rock* 
of  Kansas.  Here  the  forms  from  the  higher  zones  rei>eat  in  their  onto- 
geny the  characters  of  forms  from  the  lower  zones  with  great  fidelity.  The 
very  young  stages  also  recall  very  forcibly  the  si>ecies  of  Chonrtcs  from 
the  Devonian.  Chonctes  granulifcr  is  also  very  interesting  frcvni  the  fact 
that  the  first  hinge-spines  appear  very  much  earlier  in  the  ontogeny  than 
is  the  case  in  the  Devonian  species  studied  by  Raymond  (4^5),  therefore 
showing  a  c«)nsideral)le  degree  of  acceleration  of  this  character  during 
the  interval  from  the  Devonian  to  the  Tpper  Carl>oniferou8. 

Other  interesting  cases  of  recapitulation  among  brachio|K)dB  have 
been  pointed  out  by  Keecher  and  S^luichert  (12)  in  the  development  of 
tlie  brachial  api)aratus  in  Diclnsma  and  Zygospira.^ 

Trifolnta. — Studies  of  the  early  stages  of  the  development  of  trilo- 
bltes  have  been  i)ublished  by  Barrande  {:\,  4).  Walcott  (59,  60,  61).  Beecher 
(8,  9),  Matthew  (39,  40,  41)  and  others,  but  for  indication  of  the  com^ 
lation  of  the  ontogeny  and  the  phylogeny  in  this  class  we  are  almost  en- 
tirely indebted  to  Beecher.  In  his  papers  on  "Larval  Stages  of  Trilo- 
bites"  (8),  and  a  ''Natural  Classification  of  the  Trllobites"  (9),  he  ha» 
not  only  ix>inted  out  the  remarkable  way  in  which  characters  are  re- 
capitulated in  this  class,  but  has  also  proposed  what  is  probably  to  be  re- 
garded as  the  most  perfect  example  of  a  phylogenetic  classificatiim  of  a 
group  of  organisms,  in  existence. 

The  earliest  developmental  stage  of  trllobites  that  has  ever  been  found 
(barring  supposed  trilobite  eggs)   is  the  larval  stage  or  "protasi)!s,"  as  it 
is  called  by  Beecher  (8).    The  protaspis  is  a  minute  body  of  ovate  or  dis- 
coid  shape,*   and   about   a    millimeter   in    length.     This   larval   stage  has 


'  For    additional    oxamplos    of    recapitulation    among    the    brachiopods   see   the 
following:      Beecher,    C.    E.,    Studies    in    Evolution    (a   series   of    collected   papen), 
Scribners,   1001.         Beecher,   C.   E.,   and   Clarke,   J.   M.,   The   I>eTelopment  of  aone 
Silurian  Brachiopoda,  JIfem.  A'.   V.  State  Mus.,  No.  I,  1889.         Beecher.  C.  E.,  aad 
S?huchert,    C,    Dovelopment   of   the   shell    and   brachial    supports    in   Dielaama  aod 
Zygosplra,    Proc.    Biol.   8oc.    Washington,   vol.    vill,    1893.         Cumlngs,    E.    B..  The 
morphogenesis  of  Platystrophia ;    A  study  of  the  Evolution  of  a  Paleozoic  Bradi- 
iopod,  .4  m.  Jour.  8ci.,  vol.  xv,  100.3.         Raymond,  P.  E.,  The  developmental  chanfe 
In  some  common  Devonian   brachiopods.   Am.   Jour.   8ci.,  vol.   xvll,   1904.     Greeaf» 
F.  C,  The  development  of  the  Carboniferous  brachiopod  Chonetes  granulifer,  Owca. 
Jour.    Oeol.,    vol     xvi,    1908.         Buckman,    S.    S.,    Homeomorphy    among   Jnraulf 
Brachiopoda.   Pmc.   Colteawolfl  Aat.  Field  Cluh,  vol.  xll,   1901. 
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been  seen  in  a  sufficiently  representative  series  of  genera  to  make  it  rea- 
sonably certain  that  it  is  the  common  larval  type  among  the  trilobites. 

It  is  pretty  well  established  that  the  eye  of  crustaceans  has  migrated 
from  the  ventral  to  the  dorsal  surface  of  the  cephalon.  At  an  interme- 
diate stage  in  this  process  the  eyes  would  api)car  on  tlie  margins  of  the 
c^ephalon.     If  this  has  been  the  history  of  the  eye,   the   m  >st  primitive 

• 

larvae  should  show  no  evidence  of  eyes  on  the  dorsal  surface,  and  since 
the  eye  is  on  the  inner  margin  of  the  free  cheek,  there  sh  luld  be  no  evi- 
dence of  the  free  cheek.  This  is  exactly  the  case  in  the  yr.ungest  larvae 
of  Vtychopariii,  i^ob'iwpleura  and  lAostracuSy  "which  are  the  most  primi- 
tive genera  whose  protas[us  is  known.  Tlie  eye-line  is  present  in  the 
later  larval  and  adolesc»ent  stages  of  these  genera,  and  persists  to  the 
adult  condition.  In  sao  it  has  been  pushed  forward  to  the  earliest  protas- 
pis,  and  is  also  found  in  the  two  known  larval  stages  of  Triarthrun.  Sno 
retains  the  eye-line  throughout  life.  l)ut  in  Trinrthrus  the  adult  has  no 
traces  of  it,  and  none  of  the  higher  and  later  genera  studied  has  an  eye- 
line  at  any  stage  of  devel(»pment."  This  character  according  to  Matthews, 
is  characteristic  of  the  Cambrian  trilobites.  In  its  phylogenesis  in  later 
triiobites  it  disappears  first  from  the  adult  stages,  and  is  ttnally  lost 
from  the  entire  ontogeny.  The  eyes  appear  on  the  margin  of  the  cephalon 
in  the  last  lanal  stage  of  Ptychoparia,  Holcnopleura,  Lioatracus,  Sao,  and 
Triartliriis.  In  the  later  genera  the  eyes  are  present  "in  all  the  protaspis 
stages,  and  persist  to  the  mature,  or  ephebic  condition,  moving  in  from 
tlie  margin  to  near  the  sides  of  the  glabella." 

According  to  Beecher  (8)  "A  number  of  genera  present  adult  char- 
acters which  agree  closely  with  some  of  the  larval  features  [of  later 
general.  The  main  features  of  the  cephalon  in  the  simple  protaspis  forms 
of  Solenoplcura,  lAoHtnicua,  and  Ptjfchoparia  are  retained  to  maturity  in 
such  genera  as  Caransia  and  Acoiithcus,  which  have  the  glabella  expanded 
in  front,  joining  and  forming  the  anterior  mirgin.  They  are  also  without 
eyes  or  eye-line.  Ctcnocephalus  retains  the  archaic  glabella  to  maturity, 
and  likewise  shows  eye-lines  and  the  beginnings  of  the  free  cheeks  (larval 
Sao).  Conocoryphe  and  Ptychoparia  are  still  further  advanced  in  having 
the  glabella  rounded  in  front,  ai\d  terminated  within  the  margin  (larva  of 
Triarfhrus),  These  facts  and  others  of  a  similar  nature  show  that  there 
are  characters  api)earing  in  the  adults  of  later  and  higher  genera,  which 
successively  make  their  appearance  in  the  protaspis  stage,  sometimes  to 
the  exclusion  or  modification  of  structures  present  in  the  most  primitive 
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larvae.  Thus  the  larvae  of  Dalmanitcs  and  Proetua,  with  their  prominent 
eyes,  and  glabella  distinctly  terminated  and  rounded  in  front,  have  char- 
acters which  do  not  appear  in  the  larval  stages  of  ancient  genera,  but 
which  may  appear  in  their  adult  stages.  Evidently  such  modifications 
have  been  acquired  by  the  action  of  the  law  of  earlier  inheritance  or 
tachygenesis." 

Bryozoa. — My  studies  (17,  18)  were  the  first  to  show  that  there  is  in 
the  bryozoan  colony  a  definite  recapitulation  of  ancestral  characters,  and 
that  in  this  particular  the  colony  behaves  as  an  individual.  This  same 
fact  was  very  clearly  i)ointed  out  by  Kuedemann  (47)  two  years  enrlier 
in  the  Graptolitos,  and  I  take  pleasure  in  cpioting  his  very  explicit  state- 
ment. He  says:  ^'Furthermore  the  fact  that  the  thecae  within  tlie  sjune 
colony  show  a  gradation  from  phylogenetically  older  to  younger  forms, 
and  therefore  analogous  to  the  organ  of  a  growing  individual,  pass 
through  ancestral  stages,  as,  e.  g.,  do  the  septa  of  a  cephalopod  shell, 
demonstrates  how  closely  the  zooids  of  this  colony  were  united  into  one 
organism,  and  that  practically  they  were  more  the  organs  of  an  individ- 
ual   than   the   component  of   a   colony If   the   graptolites    so 

closely  approached  the  morphologic  value  of  an  individual,  it  may  t>e  ex- 
pected that,  like  an  individual,  the  whole  colony  has  its  ontogeny  and  re- 
passed ancestral  stages." 

My  studies,  referred  to  above,  brought  out  the  fact  that  the  bryozoan 
colony  begins  as  a  minute  hemispherical  body,  the  "protceeium"  which  is 
the  earliest  exoskeletal  stage  of  the  first  individual  of  tlie  colony.  This 
protoecium  (basal  disc)  is  very  conspicuous  in  the  Cyclostomata.  and  also 
in  the  ancient  Cryptostomata  (as  shown  in  Fcnestella).^  It  can  not  be 
definitely  asserted  that  the  protoecium  corresponds  to  any  ancestral  bryo- 
zoan, but  the  marked  resemblance  of  the  zooecia  of  some  of  the  ancient 
Stomatopora  of  the  Ordovician  to  the  protcecium  is  at  least  very  sug- 
gestive. 

The  ancestrula,  or  first  coinplete  individual  of  the  colony,  has  long 
been  known  to  i)resent  characters  mon?  similar  to  those  of  ancestral  forms 


1  I  first  used  ttie  term  protODclum  as  the  doslgnation  of  the  first  individual  of 
tlie  colony,  and  in  ttiis  sense  it  would  be  exactly  equivalent  to  ttie  term  ancestrula 
of  Jullien.  In  a  later  paper  (18)  I  restricted  the  term  to  the  basal  disc  (of 
Barrois)  which  Is  the  calicified  wall  of  the  metamorpliosed  and  histolyzed  embryo 
in  its  earliest  sedentary  stage.  Out  of  this  basal  disc  the  first  normal  individual 
arises  by  a  process  stirctly  analogous  to  budding.  In  this  sense,  therefore,  the 
term  protoecium  is  exactly  correlative  with  the  terms  protegulum,  protoconch, 
prodissoconch,  etc. 
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than  the  characters  of  the  ephebastic  zxxBcia  (see  Nitsche  44,  and  Pergens 
45).  I  have  succeeded  in  finding  evidence  (18)  that  this  is  true  to  a  no- 
table extent  in  the  ancient  FencateUa,  where  the  tubular  ancestrula  bears 
a  striking  resemblance  to  the  simple  tubular  ephebastic  zooecia  of  the 
Cyclostomata,  from  which  group  there  is  every  reason  to  believe  the 
Oryptostomata  are  descended. 

It  is  also  pointed  out  by  Nitsche  and  Pergens  (loc.  cit.)  that  the 
earlier  budding  habit  of  the  colony  is  similar  to  ancestral  types.  In  my 
own  studies  I  was  able  to  show  that  the  early  budding  habit  is  very  uni- 
form In  the  most  diverse  types  of  Bryozoa,  and  that  it  corresponds  to  the 
budding  habit  that  prevails  throughout  the  astogeny  of  the  reptant  sto- 
matoporas. 

In  Fenestella  my  studies  indicate  that  the  earlier  individuals  (nepi- 
astic)  of  the  colony  are  very  different  from  the  adult  (ephebastic)  indi- 
viduals and  are  strikingly  similar  to  the  ephebastic  individuals  of  certain 
Cyclostomata  that  are  on  morphological  grounds,  as  pointed  out  by  Ulrich 
(63),  probably  ancestral.  And  again,  the  early  neanastic  zooecia  of  the 
Devonian  fenestellas  studied  are  almost  exactly  like  to  the  ephebastic 
zooeeia  of  the  fenestellas  of  the  Niagara  series.  Unpublished  studies  in- 
dicate that  in  the  Fenestellas  of  the  Upper  Carboniferous  the  neanastic 
stage  is  more  abbreviated,  and  that  the  adult  type  of  zocecia  follows  more 
closely  upon  the  nepionic  type. 

Dr.  Lang  of  the  British  Museum  has  published  very  interesting  studies 
of  the  Stomatoporas  and  Eleids  of  the  Mesozoic  (35,  36,  37),  and  has  come 
independently  to  exactly  the  same  conclusions  as  the  writer  in  regard  to 
the  development  of  the  colony,  and  the  relations  of  astogeny  and  phylo- 
geny  among  the  Bryozoa.  He  says  (35),  "The  development  of  the  colony 
is  comparable  with  and  follows  the  same  laws  as  the  development  of  the 
individual."  And  again:  "Among  Jurassic  forms  of  Stomatopora  and 
Prohoscina  it  has  been  found  that  when  any  given  character,  such,  for 
instance,  as  the  ratio  of  the  length  of  the  zocecium  to  its  breadth,  is  fol- 
lowed from  the  first  zocecium  to  the  last,  that  it  has  a  progressive  develop- 
ment, or  anagenesis,  reaches  a  maximum,  or  acme,  and  often  may  be  seen 
to  have  a  retrogressive  development,  or  katagenesis,  in  the  ultimate 
branches  of  the  zoarium." 

Lang  has  paid  especial  attention  to  the  manner  of  branching  in  Juras- 
sic stomatoporas.  The  nearly  universal  method  of  branching  in  the  Juras- 
sic members  of  this  group  is  by  dichotomy.    This  according  to  Lang  may 
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be  by  one  or  other  of  three  t.viH»s  as  follows:  In  type  I  the  t-wo  zoopcin  are 
separate  throughout  their  entire  lensjth,  only  tom-hinj;  at  their  bases.  In 
type  II  they  are  contijifusius  throuj^hout  their  lenjLrth.  and  in  the  iutenue- 
diait<»  type  they  are  (-(aitij^ucus  for  part  of  their  length.  To  a  large  extent 
otjrrelated  with  these  types  of  dichotomy  is  the  angle  of  divergence  of  the 
branches. 

In  all  the  Jurassic  stoniatoporas  and  in  a  few  proboscinas  the  lirst 
dichotomy  is  according  to  type  I,  and  at  a  very  wide  angle  (ISO**).  The 
second  dichotomy,  in  the  majority  of  oases,  is  also  according  to  tyiie  I. 
with  an  angle  of  120°.  The  next  is  commonly  (mly  00°.  the  next  G0°.  and 
the  next  45°.  all  ai^cording  to  type  I.  "In  primitive  [Jurassic]  forms  the 
branching  never  gets  beyond  type  I  with  a  small  angle.  In  the  majority 
of  forms,  however,  sooner  or  later  the  intermediate  type  of  l>ranobing  comes 
in,  and  in  a  great  many  forms  this  type  is  the  tinal  one.  In  i\  few  cases  of 
iStomatftpora,  and  in  all  Proboscina,  tyi»e  II  is  at  some  time  or  otlier 
reached,  and  remains  the  ultimate  form  of  branching  of  tiie  zoariuui.  This 
.ve<pience  namely,  Tyi)e  1 — Intermetllate  type — TyiK?  II.  is  invariably 
f(.llowed."    (85). 

In  primitive  Prohoschia  (a  genus  derived  from  tiiomatopora)  the  first 
dichotomies  are  according  to  tyi)e  1.  "In  the  typical  forms  of  ProboticiHa 
the  early  stages  have  been  so  condensed  according  to  the  law  of  accelera- 
ti(5n  (Tachygenesis).  that  the  first  dichotomy  is  formed  on  tyi>e  II. 
.  .  .  .  In  the  nr  re  advanced  types  of  Prohoscina  ....  the  ar- 
rangement of  peristomes  is  irregular  from  the  first."  This  is  the  tyi»ioiI 
arrangement  for  BrrnicTa.  a  derived  genus  of  which  Stomatopora  and 
Prnboscina  are  tiie  first  two  terms.  It  is  worthy  of  notice  that  while  in 
the  Jurassic  forms  of  Stomatopora  type  II  is  not  very  common,  it  is  ex- 
tremely common  in  the  Cretaceous  forms.* 

(iraptoHtcs. — The  beautiful  researches  of  Huedemann  in  this  gruui> 
have  shown  us.  as  i)ointed  out  above,  that  the  graptolite  colony  clo»ly 
approaches  the  morphologic  value  of  an  individual,  and  that,  like  the  in- 
dividual, it  presents  definite  ontogenetic  (astogenetic)  stages.  Kuedemaoo 
(47)    applies   to   tiie   colonial   <levelopment   the   terminology   proposed  by 

'  Tor  studios  in  the  /.oarial  development  of  Bryozoa  see  Cumings,  E.  R..  Thf 
d^velopnu'nt  of  somo  Paleozoic  Bryozoa.  Am.  Jour.  8ci.,  vol.  xvll.  1904 ;  Develop- 
ment of  Fonestolla.  Am.  Jour.  Sri.,  vol  xx,  1905.  I^ng.  W.  P.,  The  Jvnxak 
forms  of  the  'prenera'  Stomatopora  and  Probosclna,  Oeol.  Mag..  Dec.  v.  vol.  I,  IJKW: 
The  Ueptant  Eleid  Polyzoa.  Ccol.  Mag.  Dec.  v,  vol.  Ill,  1906:  Stomatopora  antiqu. 
Ilalme,  and  Its  related  Llassl**  forms.  deoJ.  Mag.,  Dec.  v,  vol.  !!.  1905. 
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Hyatt  (31).  In  a  later  paper,  however,  he  approves  the  terminology  in- 
troduced by  nie,  and  proiwses  to  call  the  development  of  the  colony  the 
astogeny  (48). 

The  embryonic  stage  of  the  graptolites  is  represented  by  the  Initial 
portion  of  the  sicula  (first  zooid),  according  to  Uuedemann;  and  Holm 
(29)  asserts  that  the  more  pointed  end  of  the  sicula  "corresponds  to  the 
original  chitinous  covering  of  the  free  zooid  germ  or  embryo."  This  in- 
itial part  of  tlie  sicula,  according  to  Uuedemann,  holds  a  positi(m  similar 
to  the  protoconch  of  the  cephalopod  shell. 

In  part  I  of  his  splendid  monograph  of  the  Graptolites  (48)  of  New 
Yorlc,  at  page  530,  Ruedemann  s;iys :  **It  has  been  pointed  out  in  a  former 
publication  that  not  only  did  there  exist  in  the  graptolites  (mtogenetic 
gi'owth  stages  in  the  development  of  the  individual  zooids,  .... 
but  the  rhabdosomcs  in  toto  and  in  their  partu,  the  branchcft,  seem  also  to 
PUSH  throuyh  ntayes  which  suggest  phglogenctically  preceding  forms." 

Of  the  various  ways  in  which  these  astogenetic  stages  express  them- 
selves. Ruedemann  mentions  the  following:  "The  original  direction  of 
growth  of  the  branches  of  the  Dichograptida?  has  l>een  in  the  approximate 
c*ontinuation  of  the  sicula,  i.  e.,  an  ascending  erect  iKJsition  as  long  as 
the  rliabdosomes  were  sessile,  on  the  ground.  These  became  i)endant  when 
the  graptolites  attached  themselves  in  a  susiwnded  iwsition  to  seaweeiis, 
as  numerous  hydroids  do  today.  To  restore  to  the  zooids  their  original 
.  .  .  .  erect  position,  the  branches  l>egan  now  to  recurve  .... 
[becoming  progressively  horizontal,  reflexed.  reclined  and  recumbent] 
.  .  .  .  We  find  now  in  the  majority  of  the  Dichograptida*  with  the 
above  cited  growth  directions  of  the  branches,  that  the  latter  still  retain 
their  original  dependent  direction,  in  the  proximal  parts  in  some  species 
.  .  .  .  while  in  others  by  the  law  of  acceleration,  the  dei^endent  proxi- 
mal direction  has  already  changed  Into  a  horizontal  one  ....  the 
change  in  direction  becoming  progressively  more  abrupt  as  the  final  direc- 
tion of  the  branches  becomes  reclined     ....     or  recunil)ent 

The  branches  pass  hence,  in  their  development,  through  different  directions 
representing  ontogenetic  stages  that  repeat  stations  in  their  phylogenetic 
development."     (48.) 

An  analogous  fact  is  found  in  the  character  of  the  theae.  "A  com- 
parison of  the  form  of  the  thecje  of  the  youngest  dichograptid  genera 
.     .     .     .     with  that  of  the  older  and  presumably  phylogenetically  preced- 
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ing  genera  ....  shows  that  in  general  the  older  genera  have  the 
more  tubular,  simpler  thecie,  with  the  less  protected  ai>ertural  margins.  It 
is,  hence,  apparent  that  the  stolonal  or  earlier  the<w  of  the  rhabdosonies 
represent  indeed  the  older  tyi)es  of  thecal  form."     (48.) 

Other  Classes. — The  case  of  the  larva  of  Antedon  has  already  been 
referred  to.  As  pointed  out  by  Bather  (1),  the  stem  ossicles  of  the  lanal 
Antedon  are  of  a  complex  and  specialized  type,  and  in  a  general  way  re- 
semble the  stem  ossicles  of  the  Bourguetlcrinida?  of  the  Upper  Cretaceous. 
It  is  held  by  Bather  that  the  structures  of  the  adult  ancestors  have  been 
pushed  back  by  acceleration  to  the  larval  stages  of  the  existing  Antedim. 

Recapitulation  is  also  shown  in  the  anal  plate  of  Antedon.  The  anal 
plate  appears  between  two  of  the  radials  and  on  the  same  level  with  them. 
Subsequently  it  is  lifted  out  from  between  the  radials,  and  th«  latter  close 
beneath  it.  Still  later  the  anal  plate  is  re.st)rbed  entirely.  That  this  is  the 
recapitulation  of  an  adult  character  and  not  of  a  larval  character,  as  coo- 
tended  by  Hurst,  is  shown  by  the  fact  that  the  oldest  crinoids  do  not  possess 
the  anal  plate  at  all.  It  appears  from  paleontological  evidence  that  this 
plate  first  appeared  above  the  level  of  the  radials,  that  it  gradually  sank 
down  between  the  two  iwsterior  radials,  and  that  at  a  far  later  period 
(at  about  the  close  of  the  Paleozoic)  it  gradually  pas.**ed  upward  again  as 
it  does  in  Antedon,  and  eventually  disappeared. 

Jackson  has  shown  that  there  is  good  evidence  of  recapitulation  amon;: 
the  fossil  echinoids  (33).  In  most  regions  of  the  echlnoid  the  develoj)- 
ment  is  obscured  by  the  more  or  less  extensive  resorption,  but  the  plates 
of  the  corona  may  show  by  their  position  and  number,  the  course  of  devel- 
opment. Jackson  holds  that  the  introduction  of  columns  of  plates,  both 
interambulacral,  and  ambulacral,  in  Melonites,  etc.,  indicates  the  stages  of 
growth  through  which  the  individual  has  passed  in  its  development.  He 
shows  that  two  columns  of  ambulacral  plates  '*may  be  accepted  as  the 
usual  characteristic  of  the  whole  class,  which  finds  its  representative  in 
tlie  majority  of  the  adults,  in  nearly  all  young,  and  in  the  adult  of  the 
simplest  and  oldest  known  type,  Bothriondaris.'' 

Interambulacral  areas  originate  ventrally  in  a  single  plate.  Only  one 
genus  is  known,  however,  that  has  a  single  row  of  plates  in  the  adult, 
namely  Bothnondaris.  This  is  the  simplest  known  and  •'perhaps  the 
simplest  conceivable  echinoid." 
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In  Goniocidaris  the  interambulacral  plates  of  the  adult  are  approx- 
imately hexagonal  in  form  instead  of  pentagonal.  *The  relative  form 
of  the  plates  in  young  (Joniocidaris  is  ahn(>st  exactly  the  same  as  in  the 
primitive  tyi>e,  Hothriocidaris.'* 

**The  early  stage  in  which  we  find  a  single  interambulacral  plate,  to- 
gether with  two  ambulacral  plates,  in  each  area  Is  so  important  that  it 
is  desirable  to  give  it  a  name,  the  protechinus  stage.  The  proteehinus  is 
an  early  stage  in  developing  Ecliini,  belonging  to  the  phylembryonic  period, 
in  which  the  essential  features  of  the  echinoid  structure  are  first  evinced. 
.  .  .  .  This  protechinoid  stage  of  Echinoderms  is  comparable  as  a  stage 
in  growth  to  a  similar  stage  which  is  expressed  in  the  protegulum  of 
l»rachioix>ds,  the  protoconch  of  cei)halous  mollusks,  the  prodissoconch  of 
I)elecypods,  and  the  protaspis  of  trilobites."     (33.) 

Miss  Smith  (Mrs.  Alexander  Shannon)  has  shown  very  conclusively 
the  exact  resemblance  of  the  form  of  the  young  Pcntremitca  conoideus  to 
the  adult  Codastrr  (52).  In  Cadaster  the  conical  form,  narrowest  at  the 
base  and  enlarging  upward,  is  maintained  throughout  life.  In  PcntremitCH 
only  the  early  stages  of  growth  have  this  form,  while  the  adult  is  broadest 
at  the  base  and  narrowest  at  the  top. 

This  evidence  from  development  would,  according  to  the  theory  of 
recapitulation,  indicate  that  (Jodasier  stands  in  an  ancestral  relation  to 
Pentremitcs,  and  it  is  therefore  of  importance  to  the  theory  that  Bather 
(2)  from  other  evidence  has  independently  reached  the  same  conclusion 
as  Miss  Smith  in  regard  to  the  relationship  of  the  two  forms.* 

Among  corals  Beecher  (5)  has  worked  out  the  development  of  Pleu- 
rodictyum  Icnticularc  and  concludes  that  the  first  neanic  stage,  in  the 
manner  of  growth  and  the  structure  of  the  corallum,  is  very  suggestive  of 
Aulopora,  and  should  be  given  considerable  significance."  Girty  (2n  comes 
to  the  same  conclusion  from  n  study  of  Favonitcs  forbcsi,  etc. 

Bernard  (14)  has  shown  that  the  coral  colony  in  similar  fashion  to 
the  bryozoan  colony  and  the  graptolite  colony  behaves  as  an  individual. 
In  another  paper  (13)  he  has  recognized  as  the  first  growth  stage  of  the 


>  Bather'B  conclusicn  was  published  in  1900,  and  Miss  Smith's  paper  in  190t{. 
The  latter,  how<?ver,  was  not  aware  of  Bather's  views  as  to  the  relationships  of 
these  two  forms,  so  that  the  conclusions  of  the  two  workers,  arrived  at  indepen- 
dently and  from  different  lines  of  evidence  are  all  the  more  important  and  convinc- 
ing. Bather  says  in  a  review  of  Miss  Smith's  paper  that  he  considers  Pcntremltes 
as  the  "extreme  linlc  In  the  series  Oodaster — Phaenoschisma — Orpptoschiama — Oroph- 
ocrinua — Pentremitidea — Pentremlten.'* 
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coral  skeleton  the  "prototheka,"  or  basal  cup  of  the  first  Indlviduiil  of  the 
colony.  * 

Lang  (l^S)  has  written  a  very  suj^gestive  paper  on  growth  stages  of 
British  species  of  corals,  in  which  he  points  out  the  fact  that  the  onto- 
genetic stages  are  repeated  in  each  rejuvenescence  (branching?),  and  sug- 
gests that  we  have  here  an  example  of  localized  stages  in  developmeut 
(see  Jackson  34).  It  may  be  remarked  at  this  iwint  that  Rnedemann  has 
also  detected  localized  stages  in  graptolites  (47,  48),  and  Lang  in  Brj-ozoa 
(36).  Lang  also,  in  the  paper  on  corals,  concludes  that  there  is  rec*apitu- 
latiou  in  the  coral  genera  studied  by  him,  of  ancestral  characters,  and  he 
gives  a  table  illustrating  this.^ 

Svnnnary. — I'aleontologists  almost  universally  accept  the  theory  of  re- 
capitulation. Its  chief  critics  have  been  embryologists.  The  reason  for 
the  difference  in  attitude  is  probably  to  be  sought  in  the  fact  that  the 
former  ordinarily  compare  epembryonic  stages  with  adult  characters  of 
geologically  older  species,  while  the  latter  too  often  compare  embryoni** 
stages  with  the  adult  stages  of  existing  species.  It  is  also  to  be  noted 
that  in  recapitulation  we  have  to  do  with  morphological  and  not  with 
physiological  characters,  and  that  the  row  of  cells  from  the  egg  to  the  adult 
may  be  mon)hologicalIy  the  same  in  two  organisms,  while  being  at  the 
same  time  physiologically  different.  Until  it  can  be  shown  that  two  organ- 
isms morphologically  different  in  the  adult  must  of  necessity  be  morpho- 
logically different  at  all  stages,  the  argument  of  Montgomery,  Ilurst  and 
others  proves  notliing. 


^  Tlie  term  protoiheka  was  proposed  simultaneously  (January.  1904)  by  Ber- 
nard and  myself  for  the  earliest  skeletal  structure  of  the  coral  colony.  We  haTC 
used  it,  however,  in  a  slightly  different  sense.  Bernard  applies  it  not  only  to  the 
first  individual  of  the  colony,  but  also  to  the  basal  plates  or  cups  of  later  Indi- 
viduals. I  Intended  to  restrict  it  to  the  basal  cup  of  the  first  Indlvidaal.  Th« 
references  arc  as  follows  :  Rornard.  H.  M.,  The  prototheka  of  the  Madreporaria. 
with  special  reference  to  the  genera  Calostylis,  Linds.,  and  Mosleya,  Quelch.  Aum. 
Mag,  Nat,  Hist.,  Ser.  7,  vol.  xlil.  Jan.  1004.  Cumings,  E.  R.,  The  development  of 
some  Paleozoic  Bryozoa,  -4m.  Joar.  ^ci.,  vol.  xvil,  Jan.,  1904  < footnote,  p.  74). 

3  This  so-called  rejuvenescence  in  corals  appears  to  be  a  species  of  budding,  in 
which  the  bud  Is  directly  superimposed  upon  the  parent.  It  is  fission  occnrrlng  in 
a  horizontal  plane,  as  suggrsted  by  Bernard  (14).  and  the  new  skeleton  la  la 
direct  continuity  w^lth  the  old.  This  is  tbe  same  idea  exactly  as  that  adnuneed 
by  Ulrich  some  years  ago  (68)  to  account  for  tbe  diaphragms  of  the  Bryoaoa 
Trepostomata.  In  the  case  of  the  Trepostomata  the  zoce:ium  Is  frequently  oper- 
culate  (ex.  Callopota).  and  there  is  good  evidence  that  tbe  bud  grows  up  through 
the  operculum  hence  leaving  It  behind  as  the  floor  of  the  new  individual. 
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In  the  Cephalopoda,  Pelecypoda,  Gastropoda,  Brachiopoda,  Triloblta, 

Bryozoa,  Graptolltes,  Echinoderms  and  Corals,  examples  are  pointed  out 

in  which  there  is  clear  and  unmistakable  evidence  of  recapitulation.     In 

most  of  these  cases  it  is  the  ei>embryonic  and  not  the  embryonic  stages 

that  are  the  basis  of  comparison. 

Paleontological  Laboratory, 
Indiana  University, 

Bloomington,  Indiana. 
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The  Tippecanoe  an  Infantile  Drainage  System. 


By  Wm.  a.  McBeth. 


Streams  first  come  liito  existence  on  a  recently  emerged  or  uncovered 
land  surface,  with  enough  rainfall  to  leave  a  surplus  for  runoff  after  the 
requirements  for  soil  sjituration  and  evaporation  have  been  met.  An  up- 
lift of  part  of  the  sea  bottom,  the  drainage  of  a  lake  or  the  melting  of  an 
ice  sheet  may  produce  the  new  surface  on  which  the  streams  begin  their 
cycle  of  existence  and  work. 

Most  of  the  streams  of  northern  Indiana  are  in  the  youthful  stage. 
They  came  Into  being  with  the  recession  of  the  North  American  Ice  Sheet 
from  that  part  of  the  State.  If  parts  of  the  region  retained  areas  of 
marsh,  pond  or  lake,  the  location  of  streams  in  such  areas  would  be  de- 
layed until  outlets  could  be  made  by  the  Intrenchment  of  channels  by  out- 
flowing waters  to  such  depth  that  the  impounded  waters  would  be  drained 
oflf.  when  stream  lines  would  be  laid  out  on  such  newly  uncovered  lands. 

The  Tippecanoe  river  between  the  abrupt  bend  on  the  northeast  corner 
of  Pulaski  County  and  Monticello  in  White  County,  with  its  tributaries, 
furnishes  a  fine  example  of  extremely  young  drainage.  This  section  of  the 
river  evidently  traverses  the  bed  of  a  former  temporary  lake  which  was 
held  in  by  a  moraine  at  Monticello.  Evidence  of  this  lake  remains  in  the 
sand  ridges,  some  of  which  seem  to  be  beaches  and  others  dunes  numerous 
in  the  region.  The  sudden  change  in  the  width  and  depth  of  the  river  val- 
ley above  Monticello  also  is  significant  of  such  a  condition.  The  valley  at 
Monticello  is  almost  exactly  100  feet  deep,  and  from  one-fourth  to  one- 
half  mile  wide,  and  at  Buffalo  ten  miles  north  of  Monticello  the  channel 
is  about  25  feet  deep  and  is  without  floodplain  or  bluCfs,  In  brief,  the 
channel  is  just  cut  deep  and  wide  enough  barely  to  carry  the  flood  waters. 
The  trusses  of  the  highway  bridges  crossing  the  river  in  Pulaski  County 
can  be  seen  miles  away  across  the  level  prairie.  The  bridge  floor  at  Wina- 
mac  is  level  with  the  streets  of  the  town.  The  river  has  a  steep  slope 
through  this  part  of  Its  course,  the  fall  from  Winamac  to  Monticello  being 
not  less  than  100  feet  in  thirty  miles. 

The  tributaries  to  the  main  stream  in  this  region  are  examples  of  still 
younger  drainage.  In  following  the  road  from  Monticello  to  Buffalo  the 
way  is  over  level  country,  except  that  where  streams  making  their  way 


west  to  the  river  are  crossed,  the  rond  desrenda  tea  or  fifteen  Tect  In  tbe 
bridge  crosBlnfc  the  Btrenm.  then  rises  by  the  SHiiie  distance  to  the  1eT«l 
plain  again. 


It    L 


The  DrBinBK?  of  Puliigkt  aod  Wbite  Coniitlcs,  IndUua. 

Persons  going  to  lleadlee,  Pulaski  or  WiuBmac  (see  map)  often  tnin 
It  a  short  dlstiuiee  north  of  Montlcelto  and  going  about  three  miles  tb^ 
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turn  north  again,  following  the  range  line  road.  (Between  U.  2  and  R.  3 
W.)  This  road  is  much  more  level.  The  streams  crossed  In  small  valleys 
on  the  west  or  river  road  have  no  valleys  where  crossed  by  the  range  line 
road.  Formerly  they  existed  as  broad  sloughs  or  strips  of  marsh  land, 
and  where  crossed  stretches  of  corduroy  road  were  used  to  enable  teams 
and  vehicles  to  cross  without  miring.  Scarcely  the  beginning  of  a  channel 
could  be  discovered  threading  its  way  through  the  lowest  part  of  the  marsh 
or  slough.  The  drainage  was  by  over  wash  or  sheet  streams  spreading  out 
many  rods  in  width  and  slowly  creeping  away  to  the  river.  Within  the  last 
mile  or  two  of  their  course  the  channel  became  gradually  deeper  and  wider 
and  the  stream  sped  freely  down  a  steeper  sl(»pe  into  the  river.  These 
sheet  streams  are  good  examples  of  the  primary  drainage  or  runoff.  They 
were  interrupted  fre(iuently  by  ponds  and  broader  widths  of  marsh,  keeping 
large  areas  so  wet  as  to  make  cultivation  impossible — the  land  furnishing 
a  poor  quality  of  pasturage. 

Within  the  last  few  years  man  has  done  by  machinery  what  nature 
has  not  done  and  could  not  do  in  thousands  of  years.  Starting  at  the  head 
of  the  sloughs  fifteen  to  twenty  miles  from  the  river  steam  dredges  have 
been  used  to  dig  channels  for  these  over  wash  waters  and  practically  every 
slough  on  both  sides  of  the  river  in  all  this  region  has  been  furnished  a 
channel  ami)1e  for  its  drainage. 

Pike  Creek,  Keen's  Creek,  the  Carnahan  Ditch,  the  Ackerman  Ditch 
and  Indian  Creek  on  the  east  side  of  the  river,  and  the  Monon  Creeks, 
Honey  Creek  and  others  on  the  west  side,  furnish  examples  of  infant 
drainage  aged  by  the  aid  of  man  in  pushing  forward  the  work  the  waters 
were  so  tardily  doing. 


■\1i 
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A  Paired  Entoplastron  in  Trionyx  and  its  Significance.* 


By  H.  H.  Lane. 


There  is  no  order  of  reptiles  more  distinctly  circumscribed  tlian  tlie 
Testudlnata.  Even  the  fossil  remains  cast  little  if  any  light  upon  their 
affinities.  That  they  are  a  highly  specialized  group  need  not  be  argued. 
Any  point,  therefore,  which  gives  an  indication  of  what  may  be  considered 
to  have  been  a  primitive  condition  in  the  order,  is  of  extreme  interest  and 
value. 

Moreover,  there  has  been  much  discussion  as  to  the  relative  rank  of 
the  various  suborders  and  families  comprised  in  this  order.  A  group 
concerning  which  there  is  much  diversity  of  opinion  is  that  now  generally 
regarded  as  constituting  a  suborder,  the  Trionychia.  Some  have  seen  in 
their  so-called  "soft-shelled"  condition,  evidenc»e  of  extreme  8i>ecialization, 
and  have  therefore  assigned  them  to  a  very  high  iKJSition  in  the  order. 
Thus.  Gadow  (Cam.  Nat  Hist.,  vol.  vlii,  p.  406)  asserts  that  "It  is  not 
oi)en  to  much  doubt  that  the  characteristic  features  of  the  Trionychoidea 
are  not  primitive  but  secondary.  This  is  indicated  by  the  whole  structure 
and  behavior  of  the  carapace  and  plastron.  The  softening  of  the  whole 
shell,  the  loss  of  the  horny  shields,  the  reduction  of  the  claws,  are  the 
direct  and  almost  unavoidable  results  of  life  in  muddy  waters."  Other 
authorities  take  exactly  the  opposite  view,  and  from  the  same  facts  reach 
the  ccmclusion  that  "the  Trionychidie  stand  nearest  to  the  general  struc- 
tural plan  of  the  Reptilia"  (Adolph  Th.  Stoflfert,  Structure  and  Develop- 
ment of  the  Shell  of  Emyda  ceylonensis,  Gray). 

On  account  of  this  difference  of  opinion  the  writer  has  undertaken  a 
study  of  the  embryonic  development  of  Trionyx  with  the  view,  /*r«f,  of 
determining,  if  possible,  the  relative  iwsition  of  the  Tricmychia  among  the 
Testudlnata,  and.  aecond,  if  it  should  prove  to  be  a  comparatively  general- 
ized type,  to  secure  some  hint  as  to  the  reptilian  form  from  which  the 
chelonian  ancestry  may  have  been  derived.  I  present  In  this  pai)er  only 
one  phase  of  the  evidence  furnished  by  the  plastron,  relative  to  the  first  of 
these  two  problems,  although  my  material  sheds  some  light  upon  both. 


*  (Contribution  No.  5,  from  the  Department  of  Zoology  and  Embryology,  State 
Unlvereity  of  Oklahoma.) 
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No  other  terrestrial  or  freshwater  tortoises  possess  so  simple  and  per- 
haps so  primitive  a  type  of  plastron  as  that  found  in  the  Triouyohia.  In 
the  adult  Trionyx  (Aspidoncctes)  spinifvr,  the  plastron  (Fig.  1)  is  com- 
posed of  nine  elements,  four  paired  and  one  unpaire<l,  separated  to  a 
greater  or  less  extent  at  tirst  by  three,  and  later  sometimes  by  only  two, 
large  fontanelles.  Different  authors  have  proi)08ed  different  theories  rela- 
tive to  the  homologies  of  these  plastral  btmes,  and  along  with  these  tlieories 
there  has  arisen  a  complex  terminology.  Each  author  has  sought  to  give 
I»ermanency  to  his  own  hypothesis  by  assigning  to  the  plastral  elements 
names  indicative  of  his  view.  Thus  the  unpaired  element  is  designated  by 
G.  St.  Hilaire,  Owen,  Ruetimeyer,  and  others,  who  regard  the  plastron  as 
the  homologue  of  the  amniote  sternum,  as  the  "ento-sternal";  Parker  calls 
it  the  "inter-thoracic  plate'*;  while  Huxley  gives  it  the  noncommittal 
name  of  "ento-plastron,"  in  which  he  is  followed  by  most  later  writers. 
The  four  paired  elements  of  the  plastron  have  not  fared  any  better.  Thus, 
G.  St.  Hilaire,  Owen  and  Ruetimeyer  designate  them  as  "epistemal," 
"hyosternal,"  "hypostemal,"  and  "xiphisternal,"  respectively;  Parker,  as 
usual,  has  his  own  set  of  terms,  and  calls  them  "praethoracic,"  "post- 
thoracic,"  "praeabdominal,"  and  "abdominal"  plates;  while  Huxley  gives 
them  the  names  of  "epiplastron,"  "hyoplastron."  "hypolastron,"  and  "xlphi- 
plastron."  In  the  present  state  of  our  knowledge  it  is  best,  perhaps,  to 
use  Huxley's  terms,  since  they  commit  one  to  no  special  theory  regarding 
the  homologies  of  the  elements  to  which  they  apply. 

Among  the  various  attempts  that  have  been  made  to  homologize  the 
plastral  plates  with  certain  skeletal  elements  of  other  amnlotes,  one  of 
the  earliest  was  that  of  Cuvier  (Regne  animal,  T^s  Reptiles,  p.  10),  who 
identifies  them  with  the  sternum  of  the  Laeertilia  and  higher  vertebnites. 
G.  St.  Hilaire  (Philosophie  anatomique,  vol.  i.  p.  106)  makes  a  detalletl 
comparison  between  the  several  parts  of  the  plastron  and  the  osseous 
pieces  of  the  avian  sternum.  Cams  (Von  den  Ur-Tellen  des  Knochen-  und 
Schalengeruestes,  1828),  and  Peters  (Observationes  ad  Anatomiam  Chelo- 
niorum.  Berolini.  1838),  maintain  that  it  is  only  partially  equivalent  to  the 
sternum.  Owen  (On  the  development  and  homologies  of  the  carapace  and 
plastron  of  the  Chehmian  Reptiles.  Phil.  Trans.  London,  1849),  advances 
the  idea  that  the  paired  plates  correspond  to  haemapophyses  of  the  ribs. 
Rathke  (Ueber  die  Entwickelung  der  Schildkr(5ten,  Braunschweig,  1848), 
holds  the  plastron  to  be  wholly  dermal  in  origin  and  hence  a  structure  not 
to  be  homologized  with  the  endoskeletal  elements  of  other  groups.     Many 
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of  the  more  recent  authorities,  beginning  with  W.  K.  Parlser  (Structure 
and  development  of  the  shoulder  girdle  and  sternum  in  the  vertebrata. 
London,  1868),  and  Huxley  (The  Elements  of  Comparative  Anatomy,  Lon- 
don, 18(54),  consider  the  epiplastra  and  the  entoplastron  to  be  the  homo- 
logues  of  the  clavicles  and  iuterclavlcle  respectively,  of  other  reptiles. 

In  form  the  entoplastron  is  quite  as  variable  among  the  Testudinata 
generally,  as  are  the  paired  elements  associated  with  it.  It  Is  perhaps 
most  fretiuently  T-shaped  or  roughly  triangular,  with  the  apex  of  the  tri- 
angle directed  caudad.  In  Trionyx,  however,  it  has  an  entirely  different 
configuration,  being  in  the  form  of  a  wide  V  with  the  apex  or  point  di- 
rected cephalad  (Fig.  1). 

The  other  elements  of  the  plastron  have  outlines  and  relationships 
characteristic  of  the  family  and  can  be  easily  identified  by  reference  to  the 
figure  (Fig.  1),  wherein  the  epiplastra  (epi)  are  shown  immediately 
cephalad  of  the  entoplastron  (ento),  while  the  hyoplastra  (hyo),  hypo- 
plastra  (hypo),  and  xiphiplastra  (xiph),  lie  caudad  to  that  element  in  the 
order  given. 

In  a  Trionyx  embryo  with  a  carapace  length  of  14  mm.,  the  elements 
of  the  plastron  are  all  definitely  laid  down  (Fig.  2).  The  nuchal  plate 
of  the  carapace  is  a  well  marked  and  clearly  defined  dermal  bone 
having  as  yet  no  connection  with  a  vertebra.  The  ribs  are  fully 
laid  down  in  cartilage,  but  there  are  no  traces  of  costal  plates,  and 
neurals,  likewise,  are  not  present.  The  plastral  elements  are  not  only 
all  present  but  they  are  also  all  paired.  They  are  not  preformed  in  carti- 
lage but  consist  entirely  of  ossifications  within  the  dermis.  In  shape  and 
size  they  are  clearly  define<l.  As  shown  in  the  figure  (Fig.  2)  they  form  a 
series  of  five  pairs  of  more  or  less  rod-like  structures,  which  are  not  in 
contact  with  one  another,  as  is  the  case  in  the  adult  (Fig.  1),  but  on  the 
contrary  they  are  separated  .by  comparatively  large  spaces  in  which  the 
tissue  of  the  dermis  is  clearly  mesenchymatous  and  shows  no  trace  of  ossi- 
fication. The  position  of  the  five  pairs  in  two  longitudinal  rows  and  their 
absolutely  similar  origin  as  entirely  dermal  ossifications  make  it  certain 
that,  whatever  their  homology  to  structures  in  other  forms  may  be,  they 
must  all  be  interpreted  as  serial  homologues  of  each  other.  While  It  is 
agreed  that  the  hyoplastra,  liypoplastra,  and  xiphiplastra  are  the  homo- 
logues of  the  abdominal  ribs  found  in  the  Crocodile  and  Rhjrnchocephalia, 
the  epiplastra  and  entoplastron  are  pretty  generally  regarded  as  represent- 
ing tlie  clavicles  and  iuterclavlcle  of  other  reptiles. 


x^ 


Fig- 2 

KXPI.ANATION  OF  TIIE  FHJUH 


FlKure  1  ahoUB  Ibc  [arm  aod  Hrrangonient  of  the  plastral  elemculi  Ircdnnd  ■■ 
atip)  of  an  adult  Triiiayi  ipiaifer,  epl.,  eplplattron;  eata..  mfoplMlreat ;  hT«. 
Htfap'offron;  brpa,.  hypoplaitroit :   xlph..   g^pMpla«troii. 

Flgnri!  2  Is  n  Kraphlr  rcproflucltnn,  macnlBed  ten  tlmen.  ol  tbr  plutral  «I^M«I>  I* 
emlirj'o  Trlouyr  tpintfrr  nlth  IL  earBpace  leagtb  at   14   mm.      nmb..  iiiBMln*.' 
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Accepting  merely  for  the  moment  the  correctness  of  this  homology,  it 
is  interesting  to  note  how  very  rarely  a  paired  Interclavlcle  has  been  found 
in  reptiles.  So  far  as  I  have  been  able  to  discover  Parker  is  the  only  one 
heretofore  to  report  such  an  observation,  and  in  his  monograph  on  the 
structure  and  development  of  the  shoulder  girdle  and  sternum,  cited 
above,  describes  the  Interclavlcle  of  Anguis  as  developing  from  paired  ele- 
ments and  says: 

"Above  the  Ganoid  toshes,  this  is  the  only  instance  I  can  give  at 
present  of  the  primordial  symmetry  of  the  interclavlcle;  but  a  careful 
study  of  the  development  of  this  bone  In  embryo  lizards  would,  very  prob- 
ably, show  it  to  be  not  at  all  rare"  (p.  99). 

(Examining  the  question  of  the  homologies  of  the  plastral  elements  a 
little  more  closely,  however,  one  is  led  to  doubt  Huxley  and  Parker's  iden- 
tification of  the  epiplastra  and  entoplastron  as  clavicles  and  interclavlcle 
respectively.  In  all  other  reptJ  ?  so  far  as  known  the  clavicle  Is  laid  down, 
at  least  partially.  In  cartilage  and  In  close  connection  with  the  other  ele- 
ments of  the  shoulder  girdle.  Even  in  the  mammals,  while  its  origin  is 
still  a  matter  for  further  investigation,  it  is  definitely  established  that  a 
lK>rtlon  at  least  of  the  clavicle  Is  preformed  In  cartilage.  In  Trionyx,  as 
In  other  of  the  Testudlnata,  the  epiplastra.  on  the  contrary,  develop  en- 
tirely without  connection  with  the  shoulder  girdle,  entirely  outside  the 
muscular  layer  of  the  body  wall  and  within  the  much  thickened  dermis. 
They,  In  company  with  all  the  other  i»lastral  elements,  are  wholly  without 
a  cartilaginous  preformation,  and  develop  as  direct  ossifications  In  the 
dermal  mesenchyme.  Without  further  evidence  It  Is  very  difficult  to  ac- 
cept the  view  that  the  epiplastra  are  the  testudinate  homologues  of  the 
clavicles  and  the  same  arguments  hold  in  regard  to  the  identification  of 
the  entoplastron  with  the  Interclavlcle.  As  Is  shown  In  this  paper,  the 
entoplastron  In  Trlonyx  Is  at  first  a  pair  of  elements,  so  that  there  Is  noth- 
ing to  prevent  the  interpretation  of  the  entire  series  of  plastral  bones  as 
the  homologues  of  the  so-called  abdominal  ribs  so  well  known  In  Sphenodon 
and  the  Crocodllla. 

Recurring  to  the  tiuestlon  of  the  relative  rank  of  the  Trlonychla  among 
the  Testudlnata,  the  paired  condition  of  the  entoplastron.  as  it  exists  In 
this  embryo  (Fig.  2,  ent)  is  especially  Important  and  Instructive.  As 
Rathke  first  pointed  out,  the  entoplastron  Is  wanting  in  Sphargis,  perhaps 
on  the  whole  the  most  specialized  of  all  the  Testudlnata.  It  Is  reported 
by  Stannius   (Handbuch  der  Anatomie  der  Wlrbeltlere,  1854)   as  absent 
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also  in  Staurotypus,  while  L.  Agassiz  (ContributionH  to  the  Nat.  Hist,  of 
the  U.  S.  A.,  vol.  I,  p.  207)  states  that  it  disappears  in  old  specimens  of 
other  Cinosteruida?.  With  these  exceptions  the  entoplastron  <K»curs  as  a 
single  median  Iwne  in  all  Itnown  species  of  turtles  and  tortois<?s  both  liv- 
ing and  fossil,  save  where  in  some  of  the  latter  the  fragments  are  too 
meagre  to  permit  its  presence  or  alisence  being  positively  determined.  It 
is  therefore  phylogenetically  a  very  old  element  in  the  testudinate  skeleton, 
and  was  probably,  in  some  form  or  other,  a  direct  inheritance  from  the 
more  generalized  reptilian  stock  from  which  this  order  arose. 

It  follows,  therefore,  that  we  have  in  the  paired  entoplastron  of  the 
embryo  Trwnyx,  a  very  primitive  character,  so  primitive,  indeed,  that  it 
occurs  nowhere  in  the  adult  of  any  known  si>ecies  of  Testudinata  either 
living  or  fossil.  It  is  therefore  an  indication  that  Trionyx  is  to  be  re- 
garded as  more  primitive  than  any  other  known  genus  of  the  order.  Were 
this  the  only  evidence  of  primitiveness  k  )wn  to  occur  in  Trionyx,  one 
would  not,  i)erhaps,  be  justified  in  making  so  broad  an  assertion.  But  a 
ctmsiderable  amount  of  corroborative  evidence  is  also  at  hand.  Thus  in 
Trionyx,  the  atlas  is  temno8i)ondylous,  i.  e.,  its  three  constituent  parts, 
the  neural  arch,*  the  centrum,  and  the  intercentrum,  are  not  ankylosed  bnt 
remain  loosely  connected,  there  is  no  odontoid  pnK*es8  on  the  second  ver- 
tebra, the  first  centrum  being  freely  movable  on  the  second;  the  pubic 
and  ischiadic  symphyses  are  broad  and  are  (connected  with  each  other  by 
a  longitudinal  cartilaginous  band,  which  is  replaced  in  other  testudinate^. 
except  Chcloiie,  by  a  broad  completely  ossified  plate  (Gadow).  In  the 
young  of  all  tortoises,  but  in  the  adult  only  in  the  Chelonidse  and  Tri- 
onychidie,  the  plastral  plates  are  separated  by  large  fontanelles  (Fig.  1,  f). 
And  finally,  as  reported  by  Wiedersheim  (Vergl.  Anat.  der  Wirbelthiere, 
5.  Auflage,  1902)  teeth  rudiments  also  occur  in  the  embryo  of  Trionyx  and 
nowhere  else  uniony  the  Testudinata.  I  have  not  been  able  so  far  to  cor- 
roborate this  observation,  but  it  is  certainly,  if  correct,  a  most  important 
argument  in  favor  of  the  view  herein  set  forth. 

This  conclusion  regarding  the  Trionychia  is  not  invalidated  by  certain 
secondary  specializations,  such  as  the  flatness  of  the  body  and  the  webbed 
feet,  all  clearly  adaptations  to  an  atpiatic  habitat.  However,  these  adapta- 
tions do  show  that  Trionyx  is  in  no  sense  directly  ancestral  to  the  other 
Testudinata ;  the  Trionychia  are  to  be  regarded  as  an  early  offshoot  of  the 
main  stem,  which  has  retained  certain  of  its  primitive  characters. 

State  University  of  Oklahoma. 
Norman,  Oklahoma. 
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Notes  on  Parasites  Found  in  Frogs  in  the  Vicinity  of 

St.  Paul,  Minn. 


By  H.  L.  Osborn. 


(Abstract.) 

Our  knowledge  of  the  parasites  of  even  the  commonest  animals  is  very 
incomplete.  Examinations  of  all  the  organs  and  at  all  seasons  of  the  year 
and  extended  over  a  period  of  several  years  have  never  been  made  excei)t, 
I>ossibly,  for  a  few  of  the  domesticated  animals  where  the  infonnati<»n 
lK)ssessed  an  evident  and  immediate  utilitarian  hearing.  Such  studies  of  a 
number  of  common  and  abundant  animals  are  much  to  be  desired.  If  a 
body  of  such  information  were  available  it  would  be  of  great  service  to 
students  of  the  trematodes  and  very  likely  make  it  possible  to  complete 
many  life  histories,  only  fragments  of  which  are  known  at  the  present 
time.  The  present  paper  is  a  first  step  in  an  attempt  to  do  this  with  refer- 
ence to  the  common  frogs  in  the  neighborhood  of  St.  Paul.  Twenty-one 
frogs  were  examined  in  June,  seven  in  September  and  nine  in  November. 
These  numl)er8  are  found  to  be  too  small  for  anything  but  a  preliminary 
survey  of  the  ground  and  larger  numbers  will  be  examined  next  year. 
The  walls  of  the  coelom,  particularly  in  the  dorsal  and  anterior  regions, 
are  infected  by  nearly  mature  encysted  individuals  of  CHnostomum  mar- 
ginatum, Rud.  This  form  has  been  reported  hitherto  only  from  fish  and 
fish-eating  birds.  The  pericardial  cavity,  esi)ecially  in  frogs  during  June, 
was  found  to  contain  oval  cysts,  sometimes  groui>ed  in  masses,  each  cyst 
containing  a  distome  so  immature  that  its  generic  aflSnities  cannot  be  de- 
termined from  the  data  furnished  by  a  study  of  its  structure.  It  may 
turn  out  to  l)e  a  missing  early  stage  of  some  treumtode  whose  later  stages 
are  already  known.  The  urinary  bladder  in  a  considerable  fraction  of  the 
frogs  examined  harbors  a  species  much  like,  if  it  is  not  identical  with, 
the  Gorgodedn  attcnuata  which  Stafford  has  described  from  a  similar  loca- 
tion in  the  frogs  of  Canada.  A  member  of  the  Amphistomldie  occurs  occa- 
sionally in  the  urinary  bladder  but  is  more  characteristically  a  parasite 
of  the  rectum,  where  it  is  found  at  all  seasons.  In  one  instance  Crphalo- 
gonimna  was  found  in  the  rectum  and  small  intestines.     In  a  few  cases  a 
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cestode  was  found  in  the  sniall  intestine,  also  in  the  coelomic  cavity  be- 
side tlie  small  intestines  and  in  cysts  on  the  surface  of  the  liver.  The 
lungs  contain  Disiomum  lanceolatum  in  a  large  percentage  of  cases  and  a 
nematode  also  in  many  instances. 

Hamline  University, 
St.  Paul,  Minn. 
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The  Mocking-bird  at  Moores  Hill,  Ind. 


By  a.  J.  BiONEY. 


The  puriKJse  of  this  brief  article  is  to  sliow  liow  this  bird  acts  on  en- 
tering a  new  community,  and  to  give  evidence  of  its  enlarging  field  of 
activity. 

In  Mr.  Butler's  catalogue  of  the  Birds  of  Indiana  '  in  1897,  tliey  were 
reported  in  twelve  counties  in  small  numbers.  In  recent  years  they  are 
migrating  in  large  numbers  into  the  counties  of  southern  Indiana.  In 
11K)5,  about  April  Ist,  the  first  mocking-bird  was  seen  in  the  outskirts  of 
Moores  Hill.  It  was  rather  shy,  but  made  its  whereabouts  known  by  its 
incessant  singing,  not  only  in  the  daytime,  but  also  during  most  of  the 
night.  Su(*h  singing  had  never  been  heard  by  our  citizens.  It  continued 
this  l»ehavior  for  about  ten  days,  then  left  the  connnunity.  The  next  sea- 
son a  pair  returned  to  the  same  place  and  the  air  was  again  filled  with 
their  music.  Their  usual  imitation  of  the  notes  of  other  birds  was  a 
nmrked  characteristic.  This  season  they  nested  in  the  honeysuckle  vine 
alongside  a  neighbor's  house.  They  remaine<l  until  late  in  the  fall  and 
then  migrated  southward.  During  this  season  one  other  pair  was  seen 
about  two  miles  from  town. 

The  following  season  several  pairs  were  st»en  in  and  about  town.  The 
last  two  seasons  the  numlwrs  have  gradually  increaswl,  so  that  now  they 
constitute  one  of  our  regular  binl  inhabitants. 

The  (piestiim  naturally  comes  up,  why  have  they  liegun  their  rapid 
advance  into  the  north  during  the  past  few  years?  I  can  not  answer  this 
question.  I  have  heard  that  a  kind  of  ant  Is  troubling  them  in  their  nest- 
ing and  so  they  migrate  to  get  rid  of  them.  If  any  positive  information 
can  be  given,  I  should  be  glad  to  know  of  it. 

Moores  Hill  College, 
Moores  Hill.  Ind. 


•  AmoK   \V.   Hutler.     The   IJirds  of   Indiana.     Twenty-aeoond   .\nnual   Report  of 
the  Department  of  (Ecology  and  Natural  Resources  of  Indiana.   1807. 
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Observations  on  Woodpeckers. 


By  John  T.  Campbell. 


In  May,  1883,  I  was  surveying  to  build  a  levee  along  the  east  side 
of  the  Wabash  River  in  I»arke  County,  Indiana,  from  the  mouth  of  Bic 
Raccoon  Creek  southward  to  within  a  mile  of  the  south  l)oundary  of  the 
county — twelve  miles  long.  Near  the  south  end  of  this  levee  was  a  wide 
bottom,  in  which  I  had  surveyed  before  it  was  cleared.  Joseph  J.  Daniels, 
of  Rockville,  Indiana,  bought  this  land,  cut  out  the  saw  timl)er  and  dead- 
ened the  remainder.  In  the  spring  of  1882,  these  deadened  trees  had  de- 
cayed enough  for  the  woodi)eckers  to  bore  holes  for  their  nests.  There 
were  easily  one  thousand  such  trees  on  this  seven  hundred  acres.  Each 
tree  had  from  three  to  twenty  woodpecker  holes.  The  marks  of  the 
great  flood  of  1883,  In  February,  were  very  plain  and  could  be  recognized 
several  years  later.  Of  all  those,  probably  ten  thousand  holcw,  not  one 
was  below  the  flood  mark  of  the  water  of  1883.  On  the  east  side  of  the 
bottom  the  ground  was  very  low,  which  m:ide  the  flood  marks  alwut  twenty 
feet  above  ground.  The  flood  was  twenty-eight  feet  abi)ve  summer  low 
water.  Out  west,  near  the  river,  the  bottom  w^as  high,  and  the  flood  marlu 
only  about  eight  feet  above  the  ground.  Some  of  the  holes  were  within  two 
feet,  but  al)ove  the  flood  mark.  The  next  year  many  holes  were  made  be- 
low the  flood  mark,  but  whether  they  were  kept  above  the  top  of  the  next 
and  smaller  flood,  I  did  not  think  to  notice.  I  ran  the  level  over  the  land 
to  grade  it  for  assessment,  and  had  a  good  opportunity  to  observe  the 
holes.     What  is  the  explanation? 

Lafayette.  Ind. 
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Observations  on  Cerebral  Localization. 


By  James  Uoijjn  Slonakeb. 


Ever  since  Ultzig*  in  1870  sent  a  voltaic  current  tlirough  the  brain  of 
a  wounded  soldier  and  noticed  a  ct»rtaln  movement  of  the  eyes»  numerous 
investigators  have  iKH^n  busy  furthering  our  knowh^lge  of  cerebral  locali- 
zation. 

Fritsch  and  Hitzlg  followed  this  discovery  with  many  exi)eriment8  on 
the  cerebral  hemispheres  of  the  d<»g  and  noticed  that  stimulation  of  certain 
areas  pr<Hluced  definite  muscular  movements  on  the  opi)osite  side  of  the 
body. 

Tliese  experiments  starteii  many  other  Investigators,  among  whom 
may  be  mentioned  Ferrier.*  Munk,*  llorsley  and  Schafer,*  Heidenhaiu,^  and 
Beevor  and  llorsley.'  The  results  of  these  and  many  later  investigations 
have  formed  the  basis  of  an  exact  c*ortical  localization  In  the  brain  of  man. 

Numerous  surgical  operations  and  pathological  observations  have  added 
to  our  fund  of  knowledge,  so  that  now  the  cortical  areas  governing  certain 
movements  in  man  are  quite  definitely  known.  However,  each  new  case 
will  further  prove  and  assist  in  making  the  localized  areas  in  man  more 
definite.  With  this  in  view  I  present  the  following  data  which  I  have 
gathered  from  the  subject: 

Mr.  Ralph  U.  Laxton  of  Atlanta,  Ga.,  met  with  an  accident  which 
fracture<l  the  skull  near  the  median  line  in  the  Rolandic  region.  A  ]>or- 
tion  of  the  bone  was  removefi  to  relieve  the  pressure  on  the  brain.  As  life 
was  despaired  of  no  metal  plate  was  intrr)duced,  but  the  scalp  simply 
closed  over.  The  wound  healed  and  the  subject  finally  recovereil.  The 
e.\ternal  condition  of  the  wound  after  recovery  is  that  there  is  a  more  or 
less  circular  depression  about  one  and  a  half  inches  acToss,  due  to  the 


'  Ilitzig,    Relchtrt  u.   Du   Bois-Reymond's  Archlv..    1870. 

-  Kerrler,  The  Functious  of  the  Brain,  London,  18«(J. 

=«  Munk,  Die  Functlonen  dcr  (.irosHhIrnrlnde,  Berlin,   1877-1880. 

*  llorsley  and  Hchafer,  On  the  Functions  of  the  MurKlnal  Convolution,  Pro- 
c<^ding8  of  the  Royal  Society,  No.  2ai,  March,  1884.  llorsley,  British  Medical 
Journal,  Vol.  II,  1884. 

<^  Heldenhain,  Pflilger's  Archlv  f.  IMiyslologle.  1881. 

•Beevor  and  llorsley,  A  Record  of  the  Results  Obtained  hy  Electrical  Excitation 
of  the 'so-called  Motor  Cortex  and  Internal  Capsule  In  an  Orang-Outang  (Simla 
satynis),  Phil.  Trans.  Royal  Soc.,  Vol.  181,  B,  1890. 
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absence  of  bone.    This  depression  lies  as  shown  in  Fijrures  1  and  2.    Th«e 
fijrures  are  sliadowjjraplis  representing  the  side  and  back  views  respectlTely. 

Varions  niuscnlar  troubles  arose,  in- 
dicating a  disturbance  of  the  motor 
region  of  the  brain.  A  line  drawn 
<:ntward,  downward  and  forward  at 
am  angle  of  71.5  degrees  with  the  me- 
dian line  and  starting  from  a  iwint 
one-tialf  inch,  or  about  one  centimeter. 
Iiehind  a  point  midway  l>etween  the 
glat>ella  and  the  inion,  will  approxi- 
mately follow  the  central  fiji8ure\  '. 
With  such  a  line  constructed  one  can 
quite  accurately  .sketch  in  the  outline 
of  the  brain  and  its  principal  fis- 
sures. Such  a  sketch  is  shown  in  Fig- 
ure 3. 


Fig.  1.    bliadowgrraph  showinir  location 
of  depression  as  seen  from  side. 


From  this  it  is  readily  seen  that 
the  depression  mostly  affects  the 
anterior  central  gyrus.  Also  by 
consulting  Fig.  2  it  is  obser\'e<l  that 
the  depression  is  situated  almost 
wholly  on  the  left  side,  passing 
over  only  about  a  quarter  of  an 
indi  onto  the  right  side. 

Tlie  schemes  representing  the  lo- 
calize*!  areas  in  man  are  based  on 
tlie  results  of  observations  on  the 
monkey,  on  hunmn  pathologiml 
data  and  on  experiments  on  man. 


Fig.  2.    Sbadowirrapb  showinr  position 
of  depression  as  seen  from  behind. 


How  Mr.  Laxton's  injury  confirms  our  present  knowledge  of  cerebral  local- 
ization in  man  is  sliown  in  tlic  following  history  of  the  case,  a  part  of  which  I 
give  in  his  own  wonis: 

'*At  tlie  time  of  tlie   injury,  Nov.  25,  1892,  I  was  22i  years  of  age  and 

woiglicd  about  145  pounds.     My  lieiglit  was  about  5  feet  9  inches.     At  present 

I  weigh  HK)  pounds  and  measure  5  feet    10  inches  while  standing  on  my  left 

leg,  and  5  foci  9  inches  on  my  right. 

'  Deavor's  .Vnatomy.  Vol.  II,  p.  508. 

*  Held.  The  Principal  Fissuros  and  Convolutions  of  the  Cerebrum,  Lancet,  1W4. 
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"In  perhaps  sixty  seconds  from  the  time  of  the  blow  I  was  conscious 
agflin,  but  I  do  not  rememl)er  any  sensation  in  my  right  leg  at  the  time, 
except  that  it  was  very  cold.  I  did,  however,  observe  the  progress  of 
paralysis  in  the  right  arm.  This  began  in  the  fingers  and  extended  gradu- 
ally up  the  arm.  For  some  time  after  I  was  operated  ui)on  I  was  unable 
to  find  the  way  to  my  mouth  with  a  glass  of  water.  This  paralysis  was, 
I  think,  due  to  extravasation  of  blood,  which  was  gradually  absorbed 
later,  as  I  have  for  more  than  twelve  years  been  doing  a  goo<l  deal  of 
work  with  the  pen 
and  some  with  the 
telegraph  key.  I 
think  I  may  safely 
say  that  I  have  en- 
tirely recovered  the 
use  of  the  arm.  At 
times,  however,  I 
feel  the  character- 
istic dull  sensation 
in  the  muscles  of 
the  right  side  of 
the  body  up  to  the 
shoulder,  and  even 
in  the  upper  arm 
itself.  Then ,  again , 
the  sensat  ion  is 
hardly  apparent 
above  t  ii  e  waist 
line,  all  of  which 
tends  to  show  that 
the  area  of  depres- 
sion is  not  sharply 
defined." 

The  left  arm  was  broken  l)y  tlie  acvident  so  he  was  unable  to  use  it, 
but  he  states  that  it  was  not  affected  by  the  paralysis. 

It  would  be  interesting  in  this  connection  to  know  if  tiie  change  in 
barometric  pressure  has  any  influence  on  tlie  location  of  this  dull  sensa- 
tion. Accurate  observations  in  this  respect  are  lacking.  The  only  informa- 
tion Mr.  Laxton  can  give  on  this  point  is  as  follows:     "As  regards  baro- 


Fiir.  3.    Sbowiiur  depression  iu  relation  to  Assures 

of  the  brain. 
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metric  effects,  I  have  not  been  able  to  form  any  definite  Idea,  tboogli  I 
have  lived  for  ten  months  of  tlie  past  year  in  southern  MlHsissippi.  wlwre 
my  office  was  just  seven  feet  above  the  level  of  the  Gulf  of  Mexico.  I  be 
lleve,  however,  that  if  tlie  humidity  of  the  atmosphere  and  the  geoenl 
condition  of  my  system  were  exactly  the  same  in  both  localities.  I  w*Mild 
find  a  difference  between  the  sea  level  and  a  i)oint  three  or  four  thousand 
feet  above  it.  I  have  not  had  an  opportunity  to  make  observatioas  In 
lii^ffher  altitudes,  but  know  that  I  am  capable  of  more  physical  exerti;»ii 
in  the  mountains  of  western  North  Carolina  than  in  the  low  country.  I 
was  on  Lookout  Mountain  a  few  weeks  ago.  making  the  trip  up  the  incline 
railway,  but  was  not  able  to  notice  any  change  in  feeling  due  to  the  rapid 
rise,  of  something  like  one  thousand  feet,  from  the  city  of  Chattanoogn  to 
the  top  of  the  mountain.  Just  prior  to  a  sudden  change  from  dry  to  wet 
weather,  I  am  apt  to  suffer  from  pains  in  the  right  leg.  which  I  sapiKwe 
are  akin  to  rheumatism.  As  soon  as  precipitation  begins  the  pains  cetxife. 
This  pain  is  most  marked  In  the  right  hip  joint.** 

In  regard  to  stature,  as  has  already  l)een  stated,  he  stands  one  inch 
higher  on  the  left  foot  than  on  the  right.  Tlie  right  leg  also  measures  one 
inch  less  in  circumference  than  the  left,  both  in  the  thigh  and  the  calf 
region.  The  muscles  of  the  right  leg,  esi)ecially  In  tlie  region  of  the  calf, 
are  less  firm  than  those  of  the  left.  These  conditions  did  not  prevail  be- 
fore the  accident.  There  is  also  a  difference  in  the  development  of  the 
two  sides  of  the  chest,  which  condition  existed  to  a  certain  extent  before 
the  accident. 

Concerning  the  resulting  disturbances,  Mr.  Laxton  says: 

"There  is  a  certain  deficiency  of  sensation  in  the  right  leg  and  ab- 
normal reflex  action  occurs.  There  is  also  an  apparent  deficiency  of  syno- 
vial fluid.  There  Is  almost  an  entire  lack  of  control  of  the  toes  of  tlie 
riglit  foot,  particularly  the  big  toe  (see  Figs.  4  and  5).  There  is  cuow- 
queutly  a  lack  of  balance  In  walking  somewhat  relatetl  to  that  observed  in 
peoi)le  who  have  lost  one  leg  and  use  an  artificial  one.  There  are  time* 
when  I  feel  for  a  few  minutes  as  if  the  paralysis  were  entirely  gone,  bat 
I  have  to  be  extremely  careful  not  to  feel  too  sure  of  myself  and  to  folk)W 
the  plan  of  not  attempting  a  full  length  step  with  the  right  foot.  The 
sensory  paralysis  extends  very  sliglitly  to  the  bottom  of  the  left  foot" 
( Fig.  4. ) 

"I  am  just  now  exiwrlencing  considerable  local  Irritation,  the  scalp 
even  becoming,  at  times,  sore  on  the  outside.    There  are  times  when  the 
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under  side  of  the  scnip.  the  puhit  of  adhesion,  has  a  feeling  Tery  similir 
to  that  of  a  vaccination  scar  just  before  the  scab  Is  ready  to  come  off. 
Sometimes  when  I  run  my  hand  tlirougli  my  hair,  I  feel  a  slif^bt  tremor  in 
tlie  nerves  of  the  calf  of  the  right  leg.  The  most  sensitive  part  whidi 
gives  rise  to  the  tremor  Is  the  anterior  edge  of  the  depression." 


»? 


r,t 


A7-. 


f'm 


\*> 


Mr  -  - 


t'm  ... 


FifiT.  5.  Chart  .showinfi:  the  position  of  affected  areas  in  the  riffht  le^  and  foot  Vf. 
very  8lii?bt:  S,  slif^ht;  Vm,  very  marked:  Mz.  maximum.  The  arrows  on  tb« 
bottora  of  the  foot  indicate  a  continued  but  increasinar  disturbaDCC. 

In  regard  to  tlie  mental  effect,  Mr.  Laxton  says: 

"There  is  no  doul)t  tliat  sucli  an  injury,  so  long  as  mechanical  pressure 
continues,  has  at  least  a  reflex  bearing  uixm  the  mind  Itself,  so  that  one 
suffering  from  it  does  not  always  feel  like  applying  what  he  knows  directly 
to  the  work  in  liaml.     If  you  will  wear  a  brick  fastened  to  your  head  coo- 
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tlnually  for  a  term  of  years,  or  undertake  a  journey  of  indefinite  length  on 
foot  througli  a  tunnel  not  quite  high  enough  to  stand  upright  in,  you  will 
get  an  idea  of  the  feeling." 

In  Figs.  4  and  5  I  have  indicated  the  location  of  the  areas  affected  as 
described  to  me  by  Mr.  Laxton.  These  areas  range  from  a  "dull  sensation" 
to  "very  marked"  and  "maximum."  It  Is  interesting  to  note  that  the  dis- 
turbance becomes  more  and  more  marked  toward  the  feet.  That  while 
there  is  a  great  disturbance  in  all  the  toes  of  the  right  foot,  this  disturb- 
ance increases  from  the  little  toe  and  the  center  of  the  bottom  of  the  foot 
to  the  hallux,  where  it  is  maximum. 

One  observes,  also,  that  with  the  exception  of  a  small  area  on  the 
bottom  of  the  left  foot,  which  is  very  slightly  affected,  the  disturbed  areas 
lie  wholly  on  the  right  side  of  the  body.  This  we  would  naturally  expect, 
as  the  greater  part  of  the  depression  Is  on  the  left  side  of  the  median  line 
of  the  skull.  Since  the  depression  extends  slightly  across  to  the  right  of 
the  median  line,  we  would  exi>ect  some  disturbance  on  the  left  side  of  the 
body.  The  slight  disturbance  on  the  bottom  of  the  left  foot  would  indicate 
that  the  portion  of  the  brain  close  to  the  median  line  controls  the  center 
of  the  foot.  We  would  expect  a  greater  disturbance  in  the  corresponding 
part  of  the  right  foot,  because  the  corresponding  area  of  the  brain  lies 
more  nearly  under  the  center  of  the  depression. 

We  may,  I  think,  reasonably  infer  that  the  region  of  greatest  dis- 
turbance is  controlled  by  that  part  of  the  brain  lying  under  the  center  of 
the  depression.  Therefore  the  motor  area  controlling  the  movements  of 
the  great  toe  would  lie  about  the  center  of  the  dei)resslon,  and  that  of  the 
small  toes  and  the  center  of  the  bottom  of  the  foot,  in  close  proximity. 
As  we  have  already  concluded  that  the  cortical  area  controlling  the  center 
of  the  bottom  of  the  foot  lies  adjacent  to  the  median  longitudinal  fissure, 
that  for  the  small  toes  would  he  farther  removed  from  this  region  than  the 
center  for  the  great  toe.  I  think  we  nuiy  also  conclude  that  the  parts  less 
and  less  affected  are  controlled  by  portions  of  the  brain  lying  nearer  and 
nearer  the  margin  of  the  depression.  The  movement  of  the  hair  near  the 
anterior  margin  producing  a  tremor  in  the  calf  of  the  right  leg,  would  in- 
dicate that  the  motor  center  for  this  region  is  at  this  point. 

Since  all  the  muscles  of  a  given  region,  i.  e.,  thigh  or  calf  of  leg,  are 
not  equally  affected,  (me  may  Infer  that  different  muscles  of  the  same  re- 
gion may  have  somewhat  widely  separated  centers  of  control  In  the  cortex. 
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or  that  some  of  these  eentei*s  may  be  more  deeply  seated  tbau  others,  and 
for  this  reason  less  affected. 

From  the  foregoing,  I  think  the  following  conclusions  can  be  drawn: 

1.  If  we  have  made  no  mistake  in  locating  the  central  fissure  with 
reference  to  the  area  of  depression,  this  area  lies  mainly  over  the  anterior 
central  gyrus  of  the  left  side  and  extends  very  slightly  across  the  median 
longitudinal  fissure  to  the  corresponding  gyrus  of  the  right  side. 

2.  The  area  controlling  the  center  of  the  sole  of  each  foot  lies  in  tlie 
anterior  central  gyrus  at  the  margin  of  the  median  longitudinal  fissure. 

3.  The  area  controlling  the  hallux  lies  a  little  more  lateral,  jierbapK 
one-half  inch,  from  the  margin  of  the  median  longitudinal  fissure. 

4.  The  area  controlling  the  other  toes  is  in  close  proximity  to  that 
of  the  great  toe.  It  may  be  anterior,  posterior  or  more  lateral  from  that 
of  the  great  toe.  Since  the  region  controlling  the  muscles  of  the  calf  lies 
anterior,  it  is  very  probable  that  it  is  more  laterally  situated.  This  ac- 
cords with  the  results  of  Beever  and  Horsley. 

5.  The  areas  controlling  the  muscles  of  the  calf  on  the  outside  and  on 
the  inside  of  the  leg,  the  thigh,  rump  and  scapular  regions  are  located  in 
the  order  named  at  greater  and  greater  distances  from  the  center  of  de- 
pression. I  have  no  doubt  that  the  scapular  region  (possibly  some  otfaera. 
also)  is  only  indirectly  affected. 

6.  Though  the  data  are  not  quite  sufficient  to  indicate  accurately  the 
position  of  the  motor  centere  involved,  it  is  very  probable  that  they  are 
arranged  laterally  along  the  anterior  central  gyrus  from  the  median  longi- 
tudinal fissure  in  the  following  order:  a.  Center  of  sole  of  foot  b. 
Center  for  great  toe.  c.  Small  toes.  d.  Calf  muscles  on  lateral  surface 
of  leg.  e.  Calf  muscles  on  mesial  side  of  leg.  f.  Thigh  masclea  g. 
Rump  muscles,  h.  Scapular  muscles.  With  the  exception  of  the  first- 
named  area  this  arrangement  agrees  with  the  results  of  other  investiga- 
tions. 

L<*land  Stanford  Junior  University, 
C\illfornia. 
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The  Development  of  Insect  Galls  as  Illustrated  by  the 

Genus  Amphibolips. 


Mel  T.  CJook. 


The  study  of  the  development  of  insect  galls  involves  more  complicat- 
ing factors  than  most  problems  of  evolution,  since  the  host  plant  is  forced 
to  give  both  nourishment  and  protection  to  its  enemy.  The  result  of  this 
enforced  action  is  the  formation  of  a  structure  which  is  normal  for  the 
parasite  and  pathological  for  the  host.  The  histology  of  these  gall  struc- 
tures presents  some  very  interesting  questions  involving  the  point  of  stimu- 
lation, the  character  of  the  stimulation  and  the  evolutionary  lines  along 
which  the  various  species  of  galls  have  developed.  For  some  time  we  have 
recognized  that  the  point  of  stimulation  is  in  the  meristomatic  tissues,  and 
that  in  most  cases  the  stimulation  is  not  due  to  a  glandular  secretion  from 
the  parent  insect.*  However,  there  appears  to  be  abundant  evidence  that 
in  most  cases  the  stimulation  comes  from  the  larva,  but  whether  mechani- 
cal or  chemical,  or  both,  or  the  former  in  some  species  and  the  latter  in 
others,  is  a  practically  untouched  problem. 

In  1902  the  writer*  advanced  the  opinion  that  "the  morphological 
character  of  the  gall  d€i)endfl  upon  the  genus  of  the  insect  producing  it, 
rather  than  upon  the  plant  upon  which  It  is  produced,  i.  e.,  galls  produced 
by  insects  of  a  particular  genus  show  great  similarity  of  structure,  even 
though  on  plants  widely  separated;  while  galls  on  a  particular  genus  of 
plants  and  produced  by  insects  of  different  genera  show  great  difference." 
Further  studies  along  this  line  have  convinced  the  writer  of  the  correct- 
ness of  this  view,  and  have  also  led  to  efforts  to  work  out  a  system  of 
classification  based  on  the  histological  character  of  the  galls  which  would 
be  correlated  with  the  classification  of  the  insects.  However,  the  comple- 
tion  of  such  a  series  of  studies  is  largely  dependent  upon  a  more  satis- 
factory knowledge  of  the  taxonomic  relations. 

While  it  is  true  that  the  histological  characters  of  the  galls  dei)end 
upon  the  insects  rather  than  upon  the  host  plants,  it  is  also  true  that  we 
find  certain  characters  common  to  all  groups.    The  first  step  in  the  forir^a-. 


^  Adler  &  Straton.    Oak  Galls  and  Gall  Flies.    1804. 

>  Galls  and  Insects  Producing  Them.    Ohio  Naturalist*,  ^  ^T^  P*  ^7^'    ^907. 
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tion  of  a  gall  is  (1)  the  excitation  of  growtli  and  cell  division,  (2)  the 
failure  of  the  cells  of  the  affected  part  to  differentiate  into  the  character- 
istic tissues  of  that  part,  and  (3)  the  differentiation  into  characteristic 
tissues  of  the  gall.  We  also  recognize  certain  similar  lines  of  deveiop- 
nient  in  what  we  now  consider  w^ell-defined  genera.  The  explanation  of 
the  similarities  and  differences  in  these  lines  of  development  will  depend 
largely  upon  future  work  in  hoth  taxonomy  and  histology. 

It  is  the  purpose  of  this  paper  to  call  attention  to  certain  points  nbixt 
referred  to  in  connection  with  the  genus  Amphibolips,  The  taxonomy  of 
the  insects  of  this  genera  have  l>een  very  thoroughly  studied  and  carefully 
described  and  arranged  by  Mr.  Wm.  Beuteumuller.'  The  writer  has  also 
studied  the  histology  of  several  of  the  galls. 

The  genus  Amphibotips  belongs  to  the  family  Cynipideie,  is  quite  dis- 
tinct, and  stands  liigh  in  tlie  line  of  development.  ^Vs  previously  stateiL 
the  galls  originate  as  a  result  of  stimulation  of  meristomatic  tissue,  re- 
sulting in  growth  and  cell  division.  This  is  followed  by  a  differeutiatiou 
of  this  mass  of  cells  into  the  tissues  characteristic  of  the  galls.  lu  the 
cyuipidous  galls  we  have  the  four  distinct  tissue  zones  which  have  been 
referred  to  by  many  writers,  viz :  ( 1 )  the  epidermal  zone,  or  outside 
layer  of  cells,  (2)  the  parenchyma  zone,  which  may  be  quite  thick,  either 
dense  or  loose,  and  in  which  may  be  found  fibrous  tissue  radiating  fn«n 
the  center  of  the  gall,  (3)  the  protective  zone,  comix>sed  of  sclerenchyma 
tissue  and  varying  in  thickness  in  different  species  of  galls,  (4)  the  nutri- 
tive zone  of  parenchyma  cells,  rich  in  protoplasm  and  immediately  wir 
rounding  the  larval  chamber.  The  galls  belonging  to  this  genus  have  the 
four  well-defined  zones,  but  with  variation  in  the  parenchyma  and  pro- 
tective zones  l)y  which  they  may  be  subdivided  into  the  following  groups: 

Group  A. 

AmphiboHps  confluens,  Harris. 

*•  caroliniensis.  Basset t. 

lotigicornut,  " 

acuminata,  Ashmead. 


'The  Species  of  Amphlbolips  and  their  Galls.     Bulletin  of  the  Americto  Mn- 
seum  of  Natural  History,  Vol.  XXVI,  Art.  VI,  pp.  47-66.     X909, 
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Group  B. 

Amphibolips  inanis,  O.  S. 

ilicifoliw,  Basset  t. 
Coelebs,  O.  S. 
(Htiifortnis,  Ashmead. 
ynelanocera,        " 
cinercay  ** 

coffki,  Gillette. 
**  iinctoria,  Ashmead. 

Gboup  C. 

Division  a. 

AmpUihuiipx  spifiofta,  AKliiiiead. 

f/lobiiiuM,  Bcnteiiiin'iller. 

Dii'ision  b. 

Amphibolips  uubilipciinis,  Harris. 
"  ravi'.muriu,  Ashmead. 

IHvisiim  c, 

Amphibolips  pniHVn,  Walsh. 
**  ffainrsi,  Bassett. 

**  fuliffinosa,  Ashmead. 

palmcri,  Bassett. 

trizonata,  Ashmead. 


*t 


The  writer  has  previously  made  studies  of  the  histology  of  A.  con- 
fluciis,  A.  inanis,  A.  iiicifo1l(r.  A.  nubilipenniSt  and  A.  prunus.  Taking  A, 
confluens  as  a  type  of  the  group  A,  we  And  the  parenchyma  zone  very 
thick  and  comjmsed  of  cells  which  w^hen  mature  have  the  character  of  a 
mass  of  colored  cotton,  and  among  which  may  be  found  flbro-vascular 
bundles.  The  parenchyma  cells,  when  examined  under  the  microscope, 
are  found  to  be  unicellular,  long  and  threadlike.  The  protective  zone  is 
comparatively  thin.  The  nutritive  zone  is  prominent  only  i!i  the  young 
galls.  The  writer  has  not  had  an  opportunity  to  examine  the  other  three 
species  of  this  group,  but  from  the  taxonomic?  discussion,  they  appear  to 
coincide  very  closely  with  A.  confluens. 

In  group  B  the  .writer  has  studied  .4.  inanis.  .4.  ilicifoHw  and  .4.  coe- 
JebSj  which,  judging  from  Beutenmuller*s  description,  are  quite  tyi^ical  of 
the  group.  In  these  galls  the  parenchyma  zone  is  characterized  by  large 
intercellnlar  spaces.    A  part  of  the  parenchyma  cells  remain  attached  to 
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the  epidermal  zone,  another  part  to  the  protective  zone  and  some  to  the 
well-defined  fibro-vascular  bundles  which  radiate  from  the  central  body 
to  the  outer  part  of  the  gall.  These  fibro-vascular  bundles  are  In  general 
much  better  developed  than  In  the  galls  of  group  A.  The  protective  zone 
Is  subject  to  considerable  variation  In  the  different  species;  It  Is  quite 
prominent  in  A.  inanis  and  practically  absent  In  .4.  coelebs.  The  nutritlTe 
zone,  as  In  the  first  group,  Is  prominent  only  when  the  gall  Is  young. 

In  group  C  the  writer  has  studied  A.  nubilipennis  and  A.  prunun. 
This  group  may  be  readily  divided  Into  three  sub-groups  as  indicated 
above.  The  ipecies  of  sub-group  (a)  because  of  the  Inner  radiating  aad 
spongy  substance,  appear  to  be  Intermediate  between  group  B  and  the  other 
species  of  group  C.  The  species  of  sub-group  (b)  are  more  suci'ulent  than 
the  species  of  sub-group  (c). 

My  studies  of  ,4.  nubilipennis  demonstrate  a  thick  parenchyma  zone  of 
large  succulent  cells  and  very  small  fibro-vascular  bundles  which  were 
most  numerous  near  the  surface  of  the  gall.  Tlie  protective  zone  consisted 
of  a  few  layers  of  thin-walled  cells.  The  nutritive  zone  was  prominent  in 
the  young  galls  and  persisted  quite  late. 

My  studies  of  A,  prunuH  demonstratetl  a  very  thick  parenchyma  zone, 
much  firmer  and  drier  than  in  A.  nubilipcnnin,  and  in  which  were  very  few 
small,  fibro-vascular  bundles.  The  protective  zone  was  entirely  absent. 
The  nutritive  zone  well  developed  in  the  young  galls. 

In  general  it  will  be  notetl  that  In  this  genus  we  have  (1)  the  gjill* 
originating  and  developing  in  the  normal  manner  which  results  in  the 
formation  of  the  four  zones;  (2)  the  variation  In  the  parenchyma  and 
protective  zones,  which  enables  the  above  division  and  sub-divisions;  (3) 
that  group  A  may  be  considered  the  most  highly  developed  and  sub-group 
c  of  group  C  the  lowest.  The  significance  of  this  line  of  development  can- 
not be  determined  until  we  know  more  about  other  genera  of  gsill-makers 
and  their  galls.  However,  a  study  of  the  known  geographical  distribution 
of  the  species  of  this  genus  Is  Interesting  In  connection  with  this  study. 
In  group  A,  Amphibolips  conflncns  is  very  widely  distributed  over  Canada, 
the  Eastern  States  south  to  Georgia,  and  west  to  Colorado,  while  the  other 
three  species  have  much  more  limited  ranges,  two  and  possibly  all 
three  within  the  range  of  the  first.  In  group  B  we'  find  that  A.  inanit 
ranges  from  Canada  and  the  Eastern  States  west  to  Iowa  and  south  to 

North  Carolina;  A,  coojd  has  almost  the  mme  range;  A.  iUdfolie,  A. 
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coelebs  and  .4.  tinctoria  are  included  within  tlie  above  rau^^e;  and  .1. 
citriformis,  A.  mcIanfK'era  and  .1.  cincrca  are  reiiorted  from  Floridii.  In 
group  C,  we  And  A.  nuhilipennis  very  widely  distributed  from  New  York 
west  to  Illinois  and  south  to  Pennsylvania.  A.  prunna  from  New  England 
west  to  Colorado  and  south  to  Georgia;  .4.  spinosa.  A,  racemaria  in  Flor- 
ida, A.  fuliginosa  In  Florida  and  Georgia,  A,  globulus  In  New  Jersey,  .4. 
gaincai  in  Texas,  .4.  palmeri  in  Mexi<:*o,  and  A,  triazonata  in  Arizona. 

Delaware  Ck) liege. 
Newark,  Del. 
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Apparatus  for  Illustrating  Boyle's  Law. 


By  F.  M.  Andrews. 


The  apparatus  shown  In  Figure  1  illustrates  not  only  Boyle's  or  Mari- 
otte*8  Law,  but  also  a  combination  of  attendant  phenomena  which  I  shall 
<lescTibe  presently:  Figure  1  is  about  one-fourth  the  true  size  of  the  ap- 
paratus. It  consists  of  an  ordinary  iron  ring-stand  E,  by  means  of  which 
the  various  glass  tubes  A,  B,  C,  and  D,  are  held  in  the  proper  position  by 
means  of  clamps  at  F.  At  the  base  is  situated  a  Woulfe  bottle  G,  with 
which  A,  B.  C,  D,  and  E'  communicate.  The  l)ottle  G  Is  about  one-third 
filled  with  a  concentrated  aqueous  solution  of  eosin.  This  solution  is 
readily  visible  and  on  account  of  its  intense  red  color  is  also  seen  at  a  con- 
siderable distance  in  the  transparent  glass  tubes  A,  B,  and  C.  Such  an 
eosin  solution  has  the  additional  advantage  of  being  rather  i)ermanent  in 
color,  for  In  two  years  the  solution  I  had  used  did  not  change  perceptibly, 
and  only  a  slight  reddish  brown  precipitate  was  visible.  It  is  also  quite 
resistant  in  the  presence  of  HCl,  and  even  by  the  use  of  strong  HCl  a 
heavy  precipitate  results  which  is  almost  as  red  for  a  time  as  the  original 
solution.  The  glass  tubes  A,  B,  and  C  extend  below  the  surface  of  the 
eosin  solution,  while  D  merely  projects  through  the  rubl)er  cork  H.  The 
connection  of  all  the  glass  tul)es  A,  B,  C,  D,  E',  and  L  are  made  air-tight  by 
means  of  the  rubl)er  corlcs  H,  and  the  latter  are  held  firmly  in  place  by 
copper  wires  to  prevent  their  being  blown  out  of  the  pressure  generated  in 
I  and  G.  By  means  of  the  glass  tul)e  E'  the  large  glass  bottle  I  is  con- 
necteil  with  G,  and  another  glass  tube  connects  I  with  the  water-tap,  air- 
[)ump  or  other  contrivance  for  generating  pressure.  If  the  apparatus  is 
connect e<l  as  shown  in  the  figure  to  water  mains  carrying  a  high  pressure, 
and  if  then  we  open  the  valve  O,  the  water  will  l>e  fon^ed  into  I.  This  will 
of  course  cause  compression  of  the  air  in  I,  as  well  as  pressure  in  proi)or- 
tion  to  tlie  amount  of  water  allowed  to  enter.  Since  G  is  connected  with 
I  by  E',  the  same  pressure  will  be  generated  in  G  as  in  I.  As  A,  B,  and  C 
project  below  the  surface  of  the  eosin  solution,  and  if  the  valves  K  and  K' 
are  closed  and  the  water  continues  to  enter  I,  in  a  few  seconds  the  volume 
of  air  in  the  tube  C,  which  is  sealed  at  the  top,  will  be  compresse<l  one- 
half  its  former  volume  by  the  eosin  solution  rising  one-half  the  inside 

[24— 2S008] 
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length  of  the  tube  when  the  pressure  In  G  equals  one  atmosphere.  This 
illustrates  Boyle's  Law  by  showing  that  the  volume  of  gas  in  C  varied  in- 
versely as  the  pressure  brought  to  bear  ui)on  it.  The  same  principle  would 
be  shown  in  A  and  B  under  similar  circumstances  if  K  and  K'  of  the  tubes 
M  M',  which  are  fastened  to  A  and  B  by  means  of  rubber  tubing  held  by 
copper  fire  and  sealing-wax.  remained  closed. 

Again,*  when  the  air  in  A.  B,  and  C  is  compressed  one-half  its  volume 
by  a  pressure  of  one  atmosphere,  this  will  be  shown  by  the  manometer 
which  the  tube  D  forms.  This  tube  has  each  of  its  two  arms  filled  to  a 
height  of  forty  centimeters  with  mercury.  The  total  height  of  the  two 
columns  is  therefore  equivalent  to  more  than  an  atmosphere.  When  the 
pressure  in  G  is  zero,  then  the  two  columns  of  mercury  X  and  Y  are  equal 
in  height.  When,  however,  the  pressure  in  (}  is  e<|ual  to  (me  atmosphere, 
then  the  column  X  will  sink  and  column  Y  will  rise  till  the  difference  of 
their  heights  is  7(5  cm.  Since,  i!i  estimating  accurately  the  height  of  a 
mercury  column  both  pressure  an<l  tenipernture  must  be  considered,  this 
may  be  done  by  the  usual  formula. 

When  it  is  desired  to  again  reduce  the  pressure  in  G  to  zero  and  allow 
the  water  in  I  to  escape,  this  niay  be  done  by  closing  (),  oi>ening  P,  and 
either  K  or  K',  or  both.  Unless  I  is  inten>oseil  between  ()  and  G,  water 
could  not  for  obvious  reasons  be  used.  Air  could,  of  course,  be  forced  di- 
rectly into  G. 

The  apparatus  can  also  be  used  to  show  that  the  height  to  which  a 
liquid  will  rise  in  a  tube  is  independent  of  its  diameter.  If  we  open  O 
then,  as  mentioned  above,  the  pressure  developed  in  I  and  G  will  cause  the 
eosin  solution  to  rise  with  ease  in  A  and  B  if  K  and  K'  are  left  open. 
When  the  eosin  solution  has  risen  to  S,  or  to  any  other  height  in  B,  whose 
internal  diameter  is  three  millimeters,  then  if  we  notice  A,  disregarding 
the  small  effect  of  capillarity  in  B,  the  column  of  liquid  will  stand  at  ex- 
actly the  same  height  in  A,  whose  internal  diameter  is  one  cm.,  as  in  B. 

If,  finally,  both  A  and  B  are  rapidly  filled  with  the  eosin  solution  by 
quickly  and  strongly  generating  pressure  in  G,  then  it  will  be  seen  by 
carefully  timed  observations  that  the  liquid  in  A  will  rise  to  an  equilibrium 
of  the  pressure  in  G  somewhat  more  quickly  than  the  same  equilibrium 
will  be  attained  by  the  liquid  In  B,  due  to  the  greater  friction  produced  by 
the  smaller  tube  B.  For  the  same  reason  if  the  pressure  is  rapidly  re- 
duced to  zero  by  opening  P,  the  eosin  solution  in  B  will  require  a  slightly 
longer  time  to  fall  from  a  point,  as  S,  and  reach  the  level  of  the  liquid 
)n  Q,  than  would  be  required  by  the  same  height  of  a  column  in  A. 

^tate  UnlTersit^,  BJopmington,  Ind. 
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Some  Monstrosities  in  Plants. 


By  F.  M.  Andrews. 


In  the  proceedings  of  the  Indiana  Academy  of  Science  for  1905,  pages 
1S7  and  188,  I  have  mentioned  some  interesting  variations  which  I  noticed 
in  Trillium.  Since  that  time  I  have  been  favored  by  the  announcement 
of  some  additional  monstrosities  shown  in  Trillium  by  Prof.  John  M.  IIol- 
zinger^  of  Winona,  Miimesota,  in  a  paiwr  which  he  has  been  good  enough 
eo  send  me. 

It  occasionally  hapi>ens  that  interesting  mcmstrosities  or  variations. 
<>i*cur  in  otiier  plants.  Such  variations,  although  very  connuon.  are  never- 
theless often  of  great  imiwrtance. 

One  of  the  most  common  folear  variations  occurs  in  clover,  and  these 
I  have  found  more  or  less  ai)undantly,  esiw»clally  in  TrifoUum  pmienHc. 
I)e  Vries*  states  that  he  rarely  observed  clover  individuals  with  more  than 
one  quaternate  leaf.  I  have  observed  from  time  to  time  s(»me  s|)ecimens  of 
clover  which  had  one  leaf  of  four  leaflets,  and  in  one  instance  found  two 
specimens  of  clover,  each  of  which  had  in  addition  to  ten  regular  leaves  of 
three  leaflets,  seven  (7)  other  leaves,  each  one  of  which  had  four  (4) 
leaflets.  One  of  these  quaternate  leaves  was  beginning  to  form  a  leaf  hav- 
ing five  (5)  leaflets  by  the  splitting  process.  Again  another  plant  of 
clover  near  this  one  having  seven  quaternate  leaves,  had  In  addition  to 
the  ternate  leaves,  one  with  five  leaflets.  Another  specimen  of  clover  had 
ten  leaves  of  five  leaflets  each,  in  addition  to  several  temate  ones.  One 
of  these  leaves  with  five  leaflets  shows  the  origin  of  the  supernumerary 
leaflets  by  the  splitting  process,  as  De  Vrles  describes  on  page  342  of  his 
••Species  and  Varieties.     Their  Origin  by  Mutation,"  1905. 

Another  specimen  of  clover  had  in  addition  to  the  usual  ternate  ones, 
one  leaf  having  six  leaflets,  and  another  plant  of  clover,  one  leaf  having 
seven  leaflets.  These  plants  all  grew  close  together  in  a  yard  and  were 
the  only  ones  thereabouts  which  showed.  In  the  many  other  specimens  of 
clover  present,  any  of  the  above  mentioned  deviations. 


<  John  M.  Holzlnger,  Plant  World.     4 :  July,  1901. 

*  Species  fwcl  VarietleB,    Their  origin  by  mutation,  1906,  p.  840. 
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I  have  also  noted  deviations  in  the  Buckeye  tree  where  six  and  some- 
times nine  leaves  occurred  Instead  of  five.  Some  plants,  as  the  common 
blackberry,  have  at  times  flattened  stems,  and  some  have  two  periods  of 
blooming  in  the  same  year,  as  the  Weigelas  and  other  plants. 

Apparent  deviations  or  monstrosities  may  sometimes  be  due  to  an  in- 
jury, and  therefore  in  deciding  such  points  care  is  necessary. 

State  University, 

Bloomington,  Ind. 
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A  List  of  Auqm, 

(Chiefly  frora  Monroe  County,  Indiana.) 


By  F.  M.  Andrews. 


The  list  of  Algsp  given  at  the  end  of  this  paper  includes  about  ope 
hundred  and  seventy-five  forms,  most  of  which  are  from  Monroe  County, 
Indiana.  Some  few  si>ecies  of  these  Algie  are  from  the  Eagle  Lake  and 
Turkey  Lake  in  the  northern  part  of  Indiana,  while  a  few  others  have  been 
obtained  from  other  sources.  The  collection  of  these  forms  has  extended 
over  a  period  of  several  years,  for  a  continuous  effort  to  obtain  the  forms 
here  mentioned  was  not  made  except  in  the  case  of  the  Algje  found  in  the 
water  works  of  this  city  in  1896.  At  this  time  some  of  the  forms  of  Al- 
ga? then  to  be  found  in  the  city  water  works  of  Bloomington  were  collected 
by  Dr.  George  J.  Peirce,  now  of  the  Iceland  Stanford  Junior  University, 
Mr.  A.  C.  Life,  and  myself.  A  title  of  the  work  done  by  us  conjointly  ap- 
peared In  the  proceedings  of  the  Indiana  Academy  of  Science  for  1896,  on 
page  208,  entitled:  "A  Microscopic  Examination  of  Certain  Drinking 
Waters." 

In  this  work  not  only  the  forms  at  the  surface  and  edges  of  the  reser- 
voir were  obtained,  but  also  those  to  be  found  at  different  depths  in  the 
water.  On  account  of  the  lack  of  more  elaborate  Instruments  and  means 
for  doing  this,  we  hit  upon  a  very  simple  but  sufficiently  effective  plan. 
This  was  done  by  securing  a  bottle  of  the  proi)er  size  and  shape,  fitted  with 
a  stopper,  to  a  heavy  cord.  The  stopper  also  was  attached  to  a  cord. 
After  rowing  out  into  the  reservoir,  the  water  of  which  varied  from  fifteen 
to  thirty  feet  in  depth,  this  weighted  bottle  was  lowered  to  the  desired 
depth  by  one  string  and  the  stopi)er  partly  removed  by  the  other  string. 
After  the  bottle  had  filled  with  water,  as  could  be  told  by  the  rising  of 
bubbles,  the  stopper  was  allowed  to  slide  back  in  place,  thus  reclosing  the 
bottle.  To  prevent  the  stopi)er  from  being  pulled  out  of  the  bottle 
and  thus  rendering  it  impossible  to  replace  It  before  raising  the  bottle 
from  the  water,  a  string  of  the  proper  length  was  tied  around  the  neck  of 
the  bottle  and  to  the  stopper.  To  be  sure  that  the  glass  stopi)er  would 
settle  back  into  the  bottle  after  filling,  I  found  a  band  of  rubber  fastened 
around  the  ne<*k  of  the  bottle  and  the  stopper  to  be  effective  in  accomplish- 
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ing  this  eud.  It  is  always  best  to  close  the  vessel  used  in  such  experiments 
to  prevent  the  entrance  of  Algae  not  at  the  depth  at  which  it  Is  desired  ti> 
take  the  samples  or  to  keep  some  in  the  bottle  from  being  lost  in  raising 
the  bottle  to  the  surface.  In  this  way  it  is  easily  possible  to  obtain  8i>eci- 
mens  that  are  floating  from  any  part  of  the  body  of  water.  By  this  method, 
too,  it  was  shown  that  numerous  forms  of  Aigse  were  distributed  all  through 
this  body  of  water.  The  living  ones  were  found  in  greater  abundance  at 
or  near  the  surface,  as  would  be  exi)ected,  but  they  were  also  found  in  the 
deeper  water  as  well.  In  some  places  the  number  of  forms  was  often  very 
small,  but  in  order  to  make  a  study  of  tlie  greater  number  from  such  a 
locality  the  following  method  was  used:  A  suitable  quantity  of  water 
was  obtained  In  the  above  descrilied  way  from  the  desired  location,  and 
this  allowed  to  filter  through  a  small  surface.  A  funnel,  the  lower  end  of 
whose  tube  was  closed  witli  closely  woven  cloth,  served  quite  well,  and  in 
this  way  enough  forms  would  be  obtained  for  a  convenient  study.  Such 
concentration  of  forms,  we  may  term  it  also  brings  about  a  great  siivlng 
of  time  In  looking  for  forms  that  would  otherwise  be  found  only  after  much 
searching,  and  at  the  same  time  was  more  representative  for  any  given 
depth. 

The  effectiveness  with  whicli  various  of  the  Algie  forms  could  l)e  re- 
moved by  means  (►f  sand  was  attempted.  This  will  vary  with  the  kind 
of  sand  employed.  The  kind  of  sand  here  employed  was  very  fine,  white 
sand,  e8i)ecially  employed  for  the  mi<Toscopic  examination  of  water.  The 
following  are  some  of  the  results: 

Twenty-flve  ccm.  of  water  from  the  l)ottom  of  the  reservoir,  in  five 
cm.  of  this  sjind,  re<iuired  seven  minutes  to  filter. 

One  thousand  ccm.  of  water  from  the  surfat^  of  the  reservoir  required 
forty-tliree  minutes  to  filter,  through  a  closely  woven  cloth  tied  over  the 
end  of  a  very  small  glass  tube.  A  considerable  dei)th  of  very  fine,  clear 
sand  is  necessary  to  entirely  remove  all  of  the  smaller  Algje  forms  from 
the  water,  for  I  fomul  after  only  twenty-five  ccm.  of  the  water  from  this 
reservoir  had  been  filtered  through  five  ccm.  of  fine  sand,  a  considerable 
nmnber  of  some  forms  came  through.  In  one  Instance,  in  tap  water,  loom- 
ing from  this  same  source,  some  small  forms  came  through  four  cm.  of  thl<* 
fine,  white  sand,  which  to  filter  twenty  cx*m.  it  required  one  hour  and  twen- 
ty-five minutes. 

In  another  case  only  eighty-five  minutes  was  required  to  filter  twenty- 
five  ccm.  of  this  water  through  fom*  cm.  of  .sand,  due  in  this  case  to  the  lem 
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quantity  of  sediment  and  forms  than  in  the  instance  wliere  one  liowp  and 
twenty-five  minutes  was  required  for  filtration.  Some  i>ermanent  slides 
were  prepared  i!i  189G  and  part  of  tliese  I  still  have,  which  show  some  of 
the  various  Algjp  forms  obtained  by  the  method  above  referred  to.  These 
slides  w^ere  prepareil  by  making  a  mounting  fluid  of  the  following  sub- 
stances: 

Alcohol.  05%   10  com. 

Glycerin    IV)    " 

Distilled  water  30    " 

Acetic  acid.  5% 30    *• 

Specimens  mounted  in  this  mixture  should  be  sealed  with  balsam. 
The  slide  should  l>e  thoroughly  cleansed  and  dry  before  ringing  the  cover- 
glass  with  balsam.  The  only  danger  from  the  loss  of  specimens  so  mounted 
is  from  the  liability  of  the  balsam  to  crack  and  allow  the  liquid  under  the 
cover-glass  to  evaiwrate.  For  this  reason  they  had  better  have  the  balsam 
covered  with  a  layer  of  dammar-lac  or  shellac,  and  be  noticed  from  time 
to  time  and  not  kept  in  too  warm  a  place. 

Dilute  glycerin  seems  also  to  be  a  good  medium  for  mounting  Algse. 
One  specimen  of  Pandorlna  has  been  preserved  and  mounted  In  it  fifteen 
years  and  is  still  apparently  as  green  and  as  perfect  as  the  day  it  was 
mounted.  Camphor  water*  and  glycerin  also  seem  to  give  good  results 
from  the  standpoint  of  preservation. 

Other  forms  of  the  Alga^  of  this  list  not  found  in  the  water  works 
reservoir  liave  been  observed  at  different  times  and  recorded  as  found. 
It  is  not  supposed  that  this  list  of  Algie  here  given  is  by  any  means  com- 
plete, but  gives  an  idea  of  a  few  out  of  an  enormous  number  of  forms  that 
must  be  widely  distributed.  A  good  many  of  the  forms  here  mentioned 
have  been  found  by  Mr.  A.  B.  Williamson,  one  of  the  students  in  the  Botany 
Department,  and  reported  to  me  for  the  following  list. 

A  list  of  the  growing  forms  of  plants  in  any  locality  is  best  made  and 
more  complete  wiien  extended  over  a  series  of  years,  so  as  to  include  those 
individuals  which  for  various  reasons  or  changes  of  conditions  do  not  ap- 
pear during  one  season. 

'  stokes — Analytical  Keys  to  the  Genera  and  Species  of  the  Fre«h-water  Algae, 
p.  20. 
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A  LIST  OF  ALG-13. 


Gloeoeapsa  polydermatica. 
aeruginosa, 
coracina. 
rui)estris. 
sanguina. 


(* 


4( 


ii 


Chrococcus  turgidus. 
•*        coherens. 

Spirulina  Jenneri. 
duplex. 


ii 


GlcBotrichia  pisuiu. 
nataus. 


n 


Calothrix  gracilis. 
Tolypotlirix  distorta. 
tenuis. 


ii 


Rivularia  Dura. 

"        ectiiuulata. 
Soytonema  tolyiwtlirlclioides. 

mywhrous. 

nataus. 


ki 


it 


ii 


Sirosiplion  pluvinatus. 

llapalosipliou  tenuissimus. 

Nostoo  pruniforme. 

verrucosuin. 

splijoricuin. 

i-ominune. 


AnalKPiia  iuaetjualis. 

Xizscliia  sij:mold<»a. 
ooustrlcta. 
acicularis. 

Cocooneinn  lanceolatuui. 


Syuedra  Acus. 

"        puicliella. 
Fragilaria  eapucina. 
Acliantlies  Ilungarica. 

Cocconeis  i)lacentula. 

Euuutia  gracilis. 

pectinalis. 

Ampliora  ova  lis. 

Kpithemia  turgida. 
gibba. 


ii 


Gyrosigma  attenuatuin. 

Si)irogyra  Jugalis. 
nltida. 
crassa. 
decimina. 
setiformis. 
gracilis, 
fusco-atra. 
'*        communiH. 
cpilnlna. 
lougata. 

Zygnema  !ciosi>eninuii. 
inslgne. 
auoiualum. 

^ygoiiiniiiiin  decussa t uni. 

Mougeotia  divai*ecata. 

Mesocar]His  numniuloides. 
**        recurvus. 
robustus. 
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Stnnrastruin  arctiscon. 
iiinticiiiu. 
dojei'tuin. 
incisuiii. 
alternuns. 
crytooeruiii. 
arachiie. 
j?racile. 
vestitiiin. 
''        hirsutniii. 
spniijjriosiiin. 
Intedluin. 


(Kdogonium  erassam. 
sexangulare. 
obtruncatuui. 
'*        fontlcola. 

Bulbochwte  intermedia. 

Colooha^te  irreRiilaris. 
Holuta. 
wutata. 

I>raparnal(1ia  Kl^>"H'i*iita 


Pe<1iastniin  Boryaniiin. 
pertuHiiiii. 
tetra«. 

Stirast riiiii  spiniilosiim. 

( '(plast  nini  mi(ToiH)nini. 
cambrieuiii. 

S<*ene(lesnni8  obtuHiis. 
**        (liiiiorpliUH. 
'*        (*au(1atns. 
aoiitus. 

Pandtirina  inorum. 

Kndorina  stagiialis. 

Vcilvox  piolMitor. 
Sphiprella    ((-lilaniydocHurns) 
pluvial  is. 

T'lotlirix  8ubtilif». 
muralis. 


tt 


(toniuin  pec'toralo. 
Cladophora  glomerata. 

fracta. 

(Tispata. 


Stigeooloni  11111  iianum. 

i  'ylindrospermuin  macrosiiernmiii. 
('yllndrocapsa  geminella. 
Merismoixedla  glauca. 
"        convoluta. 

(>8c*{llai'ia  chalybea. 
omenta, 
tennis. 

SUbfUHCft. 

uatans. 
antliaria. 
**        limosa. 
r)ercursa. 
prIncepH. 
Froelichii. 
brovis. 

Naviciila  viridis. 

8phjer()i>Ii(>ra. 
serian8. 
**        alpina. 

Cynibella  lanf*e<)lata. 

Meridion  eirculare. 

Diatoina  elongatum. 
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Melosir^i  iirennria. 
varlniis. 

Goiaphonema  geniinatum. 
**        constrictum. 

Licmorphora  flabellata. 

Tnbellaria  feneatrata. 
tloc'culosa. 

rieurocarpiis  mirabilis. 


Eiiastrum  erassum. 
cuiieatrum. 
didelta. 
*'        ansatum. 

Micrasterias  radioM. 
papillifera. 
**        truneata. 

Chiiitophora  plsifornils. 
••        elegans. 
**        tuberulosa. 


4« 


(« 


Coaiuarium  obsoletum. 

sexangulare. 

globosum. 

orbiculatum. 

eueumis. 

suborbieulare. 

benustum. 

quasillus. 
C'losterluni  acerosum. 

eueumis. 

Ehrenbergil. 

acutum. 

attenuatum. 

Leiblelnii. 

Ilyalotheea  di  sail  lens. 


Pleuroeoeeus  virlilis. 

Daetyloeoeeus  bleaudatua. 
Botryoeoeeua  Braunii. 

Ilydrodletyon  utriculatuni. 

Conferva  floeeosa. 
"        fugaelssinia. 
**        afAnis. 
"        vulgaris. 

Chlamydomonas  pluviale. 
tingens. 


41 


Dietyospli^erlum  renlfornie. 


Deainidiuni   Swartzil. 


Mesotipnliim  Braunii. 

Spirotunia  condensata. 

Doeidiinn  cronulatuni. 
'*         couDatuin. 
n(Mlosuni. 

Tetnieniorus  Brel)iss<>nii, 

Xantliidluni  arinatnni. 


Tetraspora  oylindrica. 
lubriea. 


i* 


Raphidiura  polymorplium. 
convolutum. 


it 


Vaneheria  sessilis. 
**        gemmata. 
**        terrestria. 
serieea. 
Dillwynii. 
Rotridium  gran ula turn. 


.\rtlirodosnuis  (M)nver;;ens.  Batmeliosiiennum   nioulliforme. 

Stato  rniverslty.  Binoinlnuton.  Ind. 
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Additions  to  Indiana  State  Flora,  No.  4, 


By  Chas.  C.  Dkam. 


I  offer  the  following  as  lulditicius  to  the  Indiana  State  flora.  The 
deternilnationH  have  l)€H?n  checked  hy  recoj^nizeil  authorities,  and  sfieci- 
mens  are  dejiosited  in  my  herbarium: 

Antlrttpoffoti  sroiHiriux,  var.  Uttonilh  (Nash)  Hitch. 

I^iike  County,  on  sand  dunes  near  Indiana  Harbor. 

PanU'um  tvnncsseense  Ashe. 

Madison  County,  on  dry,  woodeil  bank  of  White  Ulvev,  about  two 
miles  north  of  Anderson. 

liromuH  (ilthHimus  Pursh. 

Allen  County,   on  alluvial  bank  of  the  St.   Mary's  River,   about 
one-quarter  mile  sonth  of  Ft.  Wayne. 

liromus  incanuH  (Shear)   Hitchc. 

Wells  (bounty.  In  Jackson  Township. 

i'an'T  cancsccns,  var.  dittjunctu  Fernald. 

Steuben  County,  on  low  border  of  Graveyard  Lake. 

(Uncx  laxiculmiH  Schweln. 

Johnson  County,  in  dry  woo«ls  al>out  two  ndles  southeast  of  Mor- 
gan town. 

Varcx  sicca t a  Dewey. 

Steuben  County,  in  dry  soil  in  clearing  one-quarter  mile  north  of 
Clear  Lake. 

Carcx  stcllulata,  var.  anffusiata  Carey. 

Steuben  County,  on  low.  sandy  border  on  west  side  of  Graveyard 
Lake. 

Celt  in  occidental  in.  var.  crassifolia    (Lam.)   Gray. 

Allen  County,  oji  bank  of  St.  Mary's  liiver  one-half  mile  south  of 
Ft.  Wayne. 

Thalictnnn  rrvolutmn  DC. 

Fountain   County,  on   wooded  alluvial   creek   bank   near   Veeders- 
burg. 
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Trifolium  dubium  Slbth. 

Kosciusko  County.    Well  established  in  yards  of  cottages  on  north 
bank  of  Lake  Wawasee. 

Sanicula  canadensis  L. 

Allen,  Blackford,  Clark,  Madison,  Marion,  Morgan,  Wabash,  and 
Wells  counties. 

Hnniciila  grcgaria  Bicknell. 

Dekalb.  Fountain,  Madison  and  Noble  counties. 

Crphalatithus  occidentalism  var.  puhesc^ns  lint, 
Clark  County,  on  State  Reservation. 

Vcrnonia  iUinoensis  Gleason. 

Steuben  County,  In  prairie  one-quarter  mile  east  of  Clear  r^ke. 
Clear  Lake. 

Solidago  juncca,  var.  scahrella  (T.  &  G.)  Gray. 

Wells  County,  in  dry  clay  soil  in  clearing  on  east  side  of  lakes  lu 
Jackson  Township. 

Indianapolis,  Indiana. 
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Right  and  Wrong  Conceptions  of  Plant  Rusts. 


By  J.  C.  Arthur. 


The  plant  rusts  hare  been  known  both  popularly  and  scientifically 
from  the  earliest  times.  Their  study  took  the  usual  course  of  development 
of  all  cryptogamlc  plants  up  to  the  time  that  DeBary  demonstrated  that 
pleomorphlsm  existed  In  many  species  in  a  more  striking  manner  than 
known  in  other  fungi.  He  showed  that  most  if  not  all  members  of  the 
genus  .J^cidium  as  recognized  at  the  time  were  only  stages  in  the  life  cycle 
of  F?)ecies  of  Puccinia  and  Uromyces,  and  other  investigators  soon  followed 
with  similar  demonstrations  for  such  genera  as  Roestelia,  Peridermium, 
and  Cwoma.  It  was  in  1866  that  he  announced,  with  experimental  proof, 
that  one  stage  of  a  rust,  as  the  JEcidium,  often  grows  on  a  host  wholly 
different  from  that  on  which  the  final  stage  grows,  such  rusts  being  called 
heteroeclous. 

Heteroecism,  which  was  thus  established  by  DeBary  and  confirmed 
by  his  contemporaries,  was  not  generally  accepted  by  mycologists  for  a 
score  or  more  of  years.  That  the  .^cidium  pocuUforme  of  the  barberry 
leaf,  with  its  conspicuous  cups  filled  with  chains  of  verrucose  si>ores,  could 
not  give  rise  to  other  similar  cups  on  the  barberry,  but  only  to  the  pow- 
dery and  echinulate  spores  of  the  red  rust  on  wheat  stems,  as  unlike  the 
former  as  a  cateri>inar  is  unlike  the  pupa  into  which  It  Is  transformed, 
was  such  a  strikingly  new  Idea  In  botany,  that  when  once  It  did  find  gen- 
eral credence,  and  was  extended  to  many  other  species  by  culture  work, 
it  assumed  undue  prominence.  This  result  was  acc*elerated  by  the  rather 
recent  discovery  of  races,  or  so-called  physiological  species.  When  the 
well  known  PuccinM  gro minis,  which  has  great  economic  Importance  by 
priKlucing  a  destructive  disease  of  cereals  and  grasses,  became  also  one 
of  the  best  Illustrations  of  the  division  of  a  species  into  physiological 
strains  or  races,  more  or  less  well  established,  in  some  cases  amount- 
ing to  possible  species,  it  assumed  in  the  minds  of  many  mycologists  a 
typical  ix)sltlon  in  reference  to  other  rusts.  It  became  common  to  speak 
of  rusts  as  agreeing  with  Puccinia  graminis  in  their  life  cycles  and  spore 
structures,  or  in  showing  a  certain  amount  of  deviation  from  it.  This 
attitude  has  caused  considerable  distortion  in  the  conception  usually  held 
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of  the  rusts,  even  by  the  foremost  students  of  the  order.  It  affects  sys- 
tematic work  adversely,  keeps  the  terminology  in  an  antiquated  and  ambig- 
uous form,  and  makes  it  difficult  to  institute  legitimate  comparisons  be- 
tween different  genera,  species,  or  spore  structures. 

One  of  the  wrong  conceptions,  wrong  when  viewed  In  the  light  of 
present  knowledge,  is  to  make  the  genus  Puccinia  include  all  species  that 
possess  a  two-celled,  pedicelled  and  free  tellospore  (excepting  those  with 
teliosiK)re  imbedded  in  gelatinous  matrix,  separated  imder  Gi/mnosfHtr- 
angium),  irresi)ective  of  the  other  morphological  characters,  or  of  the 
complexity  of  the  life  cycle,  and  furthermore,  as  part  of  the  same  concein 
tion,  to  make  the  genus  Uromyces  include  all  species  that  imssess  the  same 
kind  of  tellospore,  only  one-celled  instead  of  two-celled.  The  writer  be- 
lieves that  the  length  and  nature  of  the  life  cycle,  which  is  a  more  unvary- 
ing character  in  the  rusts  than  the  one  or  two-celled  tellospore  (recall 
the  Uromyces-Puccinia  species  on  Allium,  Sida,  and  some  other  hosts), 
should  be  accepted  as  a  character  for  genera,  as  it  is  now  quite  generally 
accepted  for  species.  Recognizing  this  as  a  valid  generic  character,  and 
takeji  in  connection  with  other  characters,  the  genus  Puccinia  can  be  se\^ 
arated  into  four  genera  (i.  e.,  Dicwoma,  Allodus,  Bullan'a,  Dasyspora), 
and  the  genus  Uromyces  also  into  four  (i.e.,  Nigredo,  UromycopMs,  Klc- 
bahnia,  Telospora).  If  other  characters,  as  well  as  the  life  cycle,  mostly 
now  generally  ignored,  are  taken  into  account,  Puccinia  Pruni-spinosir  and 
its  allies  should  form  a  genus  {Tranzschelia)  near  to  Ravcnelia,  on  ac- 
count of  the  adherent  i)edicels  of  the  teliospores  and  i>eculiar  structure 
of  the  urediniosi)ores ;  Uromyces  rosicola,  on  account  of  its  evident  sjjore 
structure,  will  go  into  a  genus  (Amcris)  near  to  Phragmidium^,  but  with 
a  more  limited  life  cycle;  Uromyces  Tercbmthi,  and  its  allies,  on  account 
of  the  remarkably  distinctive  characters  of  both  urediniosiiores  and  telio- 
spores, will  form  a  genus  somewhere  between  Ravcnelia  and  Tranzschelia. 
while  the  similar  Uromyces  effusus,  with  a  still  more  restricted  life  cycle 
will  go  into  another  genus  (Discospora).  And  in  like  manner  quite  a  nuni- 
l)er  of  other  species  now  commonly  Included  under  Puccinia  and  Uromyces 
could  properly  be  separated  and  distributed  to  other  genera,  with  mocfa 
improvement  in  the  nonienolntnre  and  great  clarification  of  the  systematic 
affinities.  Other  genera  beside  Puccinia  and  Uromyces  could  also  be  shown 
to  be  overburdentHl  with  sjiecies  whose  life  cycle,  or  morphological  struc- 
ture, or  both,  entitle  them  to  a  different  plac^e  In  the  systematic  arrange- 
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ment,  if  the  extent  of  the  life  cycle  aud  characters  other  than  those  per- 
taining to  the  teliospore  were  called  into  account. 

The  third  epoch  in  the  study  of  plant  rusts  (the  second  one  heing 
ushered  in  by  DeBary's  demonstration  of  hetercecism  and  the  first  epoch 
preceding  that  time),  may  be  considered  to  have  started  with  the  study 
of  the  nucleus  and  its  behavior.  This  was  begun  by  the  work  of  Sappin- 
Trouflfy  and  of  Poirault  and  Raciborski  some  fifteen  years  ago,  and  ably 
continued  by  Blackman,  Christman,  Holden  and  IIari)er,  Olive  and  others. 
The  nuclear  history  in  the  rusts  is  still  In  a  very  incomplete  state,  and 
part  of  what  has  been  gone  over  needs  further  substantiation.  Enough 
has  been  demonstrated,  however,  to  modify  profoundly  our  ideas  of  the 
significance  of  the  different  spore  forms,  the  relation  of  the  spore  struc- 
tures, and  the  possibility  of  sexuality. 

While  it  may  be  interesting  to  review  the  present  knowledge  of  nu- 
clear changes  in  the  rusts  and  show  the  bearing  on  taxonomy,  it  will 
sufiice  for  the  present  purpose  to  bring  up  briefly  a  few^  points.  It  has 
been  rather  clearly  shown  that  the  rusts  i>ossess  well  marked  antithetic 
alternation  of  generations.  The  gametophytlc  generation  has  uninucleated 
mycelium,  and  gives  rise  to  two  kinds  of  spores,  basidiospores  and  pycnio- 
si)ore8,  both  uninucleated,  and  these  are  the  only  truly  asexual  spores 
formed  in  the  life  cycle.  The  sporophytic  generation  begins  shortly  after 
the  pycnia  mature,  l)elng  inaugurated  by  a  sexual  fusion  of  cells.  This 
act  Introduces  the  binucleated  condition.  In  many  si^ecies  of  rusts  only  one 
spore  form  (teliosi>ore)  is  produced  In  the  siwrophytic  generation.  In 
other  species  there  is  an  initial  siwre  form  (ipciospore),  and  usually  a 
repeating  form,  in  addition  to  the  teliosiwrc.  All  spores  of  this  genera- 
tion are  binucleated.  In  the  gametophytlc  generation  all  species  behave 
essentially  the  same.  It  is  in  what  follows  during  the  sporophytic  genera- 
tion that  the  great  diversity  of  the  rusts  is  shown. 

If  the  first  binucleated  spores  arising  after  sexual  cell  fusion  are 
teliosi)ores,  no  other  spore  forms  in  this  generation  are  produced,  and  the 
life  cycle  is  a  brief  one.  But  If  the  first  binucleated  spores  are  formed  in 
what  has  l)een  called  an  jecidlum.  c:eoma,  or  primary  uredo,  they  are 
essentially  of  the  same  physiological  nature,  whatever  form  they  may  take. 
Any  such  sorus  may  be  calletl  an  aw-lum,  and  the  spores  seclospores,  this 
being  an  extension  In  the  previous  application  of  the  terms  to  cover  the 
primary  uredo.     Possibly  new  terms  would  be  less  liable  to  introduce  am- 
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bigulty  in  subsequent  discussions,  but  in  this  paper  secia  will  be  under- 
stood to  be  the  initial  spore  structures  following  the  pycnia,  when  these 
structures  are  not  telia.  Such  R'cla  are  of  varying  complexity,  the  simplest 
being  of  the  uredo-type  with  spores  borne  on  pedicels  and  no  ^leridiaiii. 
intermediate  forms  being  of  the  cseoma-type,  with  spores  in  chains  and  no 
,peridium,  and  the  most  highly  developed  being  of  the  Decidium-type  with 
a  well-formed  i)eridium.  There  is  a  wide  difference  in  complexity  of 
structure  between  the  lowest  uredo-tyj^e  of  lecia  {e.g.,  those  of  the  9o- 
called  Chrysomyxa  albida)  and  the  highest  tecidlum-type  (e.g.,  those  of 
AUcidium  pocuUforme  belonging  to  Puccima  graminis).  But  whatever  the 
degree  of  complexity  they  are  all  strictly  comparable  in  their  relation  to 
the  life  cycle  of  the  different  species  to  which  they  belong. 

In  most  genera  having  species  with  initial  lecia  more  rapid  and 
extensive  dissemination  is  brought  about  by  means  of  repeating  spores, 
often  called  summer  spores.  A  few  genera,  lllse  GymnoHporangium  and 
Calyptospora,  have  no  repeating  spores  in  present  known  species.  The 
repeating  spore  structures  are  either  isomorphic  with  the  $ecia,  and  are 
known  as  secondary  aK?ia  and  secondary  uredinia,  or  they  are  hetero- 
morphic,  and  are  known  simply  as  uredinia.  In  either  case  the  repeating 
spores  arise  from  an  infection  by  Initial  seciospores,  and  are  not  immedi- 
ately preceded  by  pycnia.  Repeating  spores  are  binucleated,  but  do  not 
arise  from  fusing  unlnucleated  hyphje,  as  the  initial  leciospores  do,  for 
the  mycelium  on  which  they  are  seated  is  already  binucleated,  having 
been  derived  from  a  binucleated  spore. 

The  accompanying  chart  enumerates  the  best  understood  genera  of 
the  rusts,  arranged  in  such  a  way  as  to  show  the  essential  features  in 
the  life  history  of  the  species.  It  embraces  about  three-fourths  of  ail 
genera  of  the  Uredinales  recognized  at  the  present  time.  The  chief  value 
of  the  chart  is  to  emphasize  the  need  of  taking  into  account  the  full  life 
cycle  in  order  to  compare  or  to  contrast  genera.  It  will  be  seen  that 
many  genera,  possibly  a  third  of  all  known,  have  no  «ecia  or  repeating 
spores,  but  the  formation  of  telia  follows  immediately  upon  the  maturity 
of  the  pycnia.  In  the  genera  with  tecia  increasing  complexity  of  develo|»- 
ment  is  shown  by  the  presence  of  heteromon>hic  repeating  spores,  cupn- 
late  flpcia  with  catenulate  a^ciospores,  and  heterojcisra  while  comparative 
simplicity  of  development  is  shown  by  isomorphic  repeating  8i)oreft,  caeomate 
fecia  with  pedicelled  aeclospores,  and  autoeclsm. 
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(^«cia  cupulmte— with  calenulate  spores^ 


r 


'BCiai 


repeating  sporeH 
heternmorphic 


^«cia  ccomate — with  ratenulate  spores  < 


repeating  spore* 
isomorphic 


^enia^ 


>lJft< 


'  Gallowaya 
Necium 
*Tricfao  psora 
*Chrysomyxa 
*Barclayella 
Chacon  ia 
Qonothrix 
Alveolaria 
Bsodromus 
*DidyniopBora 
Dieielia 
Endophyllum 
Pucciniosira 
DendroBcia 
Disoospora 
Macalpinia 
Polythelia 
CklUospora 
NephlycUs 
Ameris 
NysBopsora 
Polkxna 
Telospon 
Dasyspora 


DIAGRAM 

Showing  life  hiatory  of  69  beat  known  genera  of  ruata. 

Coleosporium 

Ifelampsoropsis 

Pucciniastrum 

Ifelampsoridiuin 

Ifdampsorella 

tOalyptospora 
Crooartium  . 

tGymnosporangium  J 
Nigredo 
Dicaeoma 
Traniachelia 

'  Eriosporangiuni 
Neoravenelia 
Phragmopyxis 
Phragmidiuin 

>.  Melampsora 
Qystingophora 

'Lysospora 
Uromycopsis 
AlloduB 

'  Earlea 
Gymnoconia 
Xenodochus 

.*Paccinio8tele 
Ravendia 
PUeolaria 
Uropyxis 
IVospodium 
Triphiagmium 
Trachyspora 
Spirechina 
Kudineola 
ArgoteUum 
Bullaria 
Klebahnia 


>heteroeclous 


.ecia  rupulate — with  calenulate  spores  < 


.with  calenulate  spores^ 


sola  cKomale^ 


'with  pedicellate  qwm^ 


^autocciouB 


*Not  represented  In  North  America. 
tRepeating  spores  unknown. 


^heter.  andaut. 

1 

^auloecious 
heter.  and  aut. 


^auloKlous 


388 

It  is  evidently  a  right  conception,  In  view  of  the  foregoing  statement, 
to  regard  Puccinia  graminis  (a  better  name  is  Dicwoma  poculiforme)  as 
a  representative  of  the  highest  development  of  rusts.  But  to  regard  it  as 
typical  of  all  rusts,  or  even  of  all  rusts  having  let^ia,  is  clearly  asking  too 
much  of  an  illustration,  and  likely  to  involve  grave  misconceptions  of 
structure  and  relative  values.  If  the  most  essential  features  of  the  rusts 
were  to  be  illustrated  by  the  smallest  permissible  number  of  examples  of 
common  and  well  known  species,  I  should  splp^^t  Polythelis  Thalictri  {Puc- 
cinki  Thalictri)  for  the  forms  without  a*cia,  Kuchncola  alhiiUi  (often  calle<l 
Chi-ysofnyxa  albi*1a)  for  the  forms  with  jecla  and  isomorphic  rei)eatin}? 
spores,  and  DiccDoma  poculiforme  {Puccinia  graminis)  for  the  highly  de- 
veloped forms  with  tecla  and  heteromori>hic  reijeating  siwres. 

A  wrong  conception,  which  is  doing  much  harm  to  the  taxonomic  study 
of  the  rusts,  is  the  view  that  «ciosiiores  and  uredinlospores  are  of  the 
nature  of  conidia,  that  Is,  asexual  spores,  comparable  to  the  conidia  so 
abundantly  produced  by  many  ascomycetous  fungi.  Cytological  studies 
show,  however,  that  in  the  rusts  the  only  truly  asexual  si>ores,  other  than 
the  basidiospores,  are  the  pycniospores,  and  to  these  only  can  the  term 
conidia  be  applied  with  approximate  accuracy.  The  sexual  process  begins 
by  the  fusion  of  uninucleated  hyphal  cells,  which  immediately,  or  almost 
Inmiediately,  develop  some  kind  of  blnucleated  8i)ore-structure.  If  only 
one  kind  of  binucleated  spore  is  produced  by  the  species,  it  is  properly 
called  a  teliospore.  Such  a  teliospore  has  two  nuclei  in  each  cell,  derived 
by  a  short  succession  of  divisions  from  the  two  nuclei  of  the  fusing  cells. 
These  two  si>ore  nuclei  fuse  into  one  nucleus  prior  to  germination  of  the 
teliospore,  thus  completing  the  sexual  i)rocess.  If  more  than  one  kind  of 
blnucleated  sjwre  is  produced,  the  initial  kind  may  be  called  an  flwiospore, 
whatever  the  morphological  structure  in  which  it  is  formed.  It  has 
arisen  as  the  consequence  of  sexual  cell  fusion,  just  as  in  the  preceding 
case,  and  has  the  physiological  character  of  greatly  stimulated  growth 
associated  with  sexuality.  This  initial  leciospore  gives  rise  to  a  blnucle- 
ated mycelium,  which  in  turn  generally  produces  binucleated  repeating 
spores  of  the  same  or  of  a  different  form,  and  so  on,  until  finally  a  telio- 
spore is  produced  In  which  nuclear  fusion  takes  place,  as  in  the  first 
instance  mentioned.  The  sexual  process  in  this  class  of  rusts  extends 
from  the  cell  fusion  at  the  base  of  the  iecia  through  all  the  successioD  of 
hyphal  cells  and  repeating  sjwres  to  the  fusion  of  nuclei  in  the  mature 
teliospore. 


389 

All  rusts  at  present  known  fall  into  one  of  these  two  classes:  the 
siwrophytic  generation  gives  rise  either  to  a  single  spore-form,  or  else  to 
initial  and  final  sjwre-forms,  with  usually  intermediate  repeating  forms. 
Whether  one  or  more  tlian  one  sixjre-form  arises  between  the  cell  fusion 
and  final  nuclear  fusion,  constituting  the  sexual  period,  all  such  spores,  of 
whatever  morphological  structure,  are  of  a  sexual  nature,  the  initial  form 
(whether  of  the  aK:*idium-tyi)e,  cieoma-tyi)e,  primary  uredo-type,  or  when 
none  of  these  is  produced,  the  teleuto-type)  being  the  one  which  most 
clearly  shows  the  stimulas  of  fertilization. 

The  above  facts,  especially  when  taken  in  connection  with  the  highly 
dllTereutiated  structures  associated  with  the  Initial  and  repeating  si)ores, 
often  being  quite  equal  or  superior  to  those  of  the  teliospores,  show  every 
reason  that  may  be  based  upon  morphology  and  development  for  consider- 
ing the  initial  and  repeating  spores  as  practically  of  equal  taxonomic 
rank  with  the  teliospores.  To  illustrate,  a  genus  founded  upon  a  repeat- 
ing stage,  like  the  genus  of  lm|)erfectly  known  fern  rusts,  Milesia,  should 
be  as  valid  as  if  founded  on  the  telia.  This  genus  has  recently  been  re- 
christened  Mileama  on  the  ground  that  the  original  name,  given  In  1870, 
Is  Invalid  because  it  was  only  applied  to  the  uredinia  and  not  to  the  telia. 
Again,  now  Illustrating  with  a  specific  name,  the  heterceclous  rust  which 
was  first  specifically  called  pitcuUfonne  was  described  in  Its  lecial  stage 
under  .^cidium,  and  according  to  the  preceding  argument  on  the  impor- 
tance of  the  initial  spores,  this  name  having  priority,  although  not  at  the 
time  made  to  Include  the  telia,  should  be  used,  whatever  genus  name  be 
considered  the  best,  as  e.  g.,  Dicwoma  pocuHformc  or  Puccinia  poculiformis, 
not  Puccinia  graminis. 

From  the  foregoing  it  will  be  seen  that  for  purposes  of  taxonomy 
names  applied  to  the  pycnla  ( si)ermogonIa )  may  properly  be  ignored,  on 
the  ground  that  they  apply  to  asexual  or  conldlal  structures,  but  that 
names  applied  to  aecla  and  uredinia  {.l^lcMum,  Cwoma,  Peridermium, 
Uredo.  and  other  such  forms)  should  have  the  same  standing  as  names 
applied  to  telia  (teleutospore  stage). 

I  have  tried  to  show  that  the  main  features  in  the  life  cycle  of  all 
rusts  exhibit  essential  uniformity,  there  being  two  large  groups,  one  with 
a  single  form  of  spore  (tellospore)  in  the  sporophytic  generation,  and  the 
other  with  additional  Initial  and  (usually)  repeating  spores,  and  that  the 
great  diversity  lies  In  the  details  of  their  structural  development.     It  is 
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difficult  to  give  a  clear  and  concise  account  of  the  general  features  of  the 
rusts  on  account  of  the  inadequate  and  ambiguous  terminology  at  present 
in  use.  It  appears  to  be  unquestionably  estjiblished  that  the  spore  struc- 
tures of  the  rusts  are  not  to  bo  honiologized  with  those  of  the  Ascomycetes. 
and  that  taxonomic  practice  in  the  rusts  should  not  be  influenced  by  what 
is  correct  or  expedient  in  the  A8<^*oniycetes  or  other  fungi  with  strongly 
ninrkcd  conldlal  and  sexual  forms,  but  be  basetl  upon  the  unique  <har 
acters  of  thoir  own  development. 

Right  conceptions  of  the  rusts,  according  to  the  writer's  position,  an* 
those  based  upon  tlM»  full  life  histories  of  the  sjuH-ies,  taking  into  accnmut  sill 
the  present  known  facts,  and  wrong  conceptions  are  based  ui)on  partial 
life  histories,  and  on  ideas  derived  from  other  fungi  and  formerly  supiK>sed 
to  apply  to  the  rusts  but  now  known  to  l)e  inapplical)le  and  misleading. 

Purdue  University, 

r^fayette,    Indiana. 
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The  Effect  of  Preservatives  on  the  Deveix)pment  of 

PENICn.LIUM. 


By  Katuerixk  Ooldkn  HirriNo. 


Ill  exniiiiiiiu^  ketrliuii  for  the  orj^anisins  present,  it  was  noted  that  the 
hyphje  of  iiioulds  in  preserved  ketchup  were  swollen  and  distorted.  In 
many  of  the  brands  of  ketchup,  the  mould  present  was  the  eoinuiou  blue 
mould.  PciiicilHum.  As  this  mould  is  apparently  omnivorous  In  habit, 
thriving  and  fruiting  on  many  media,  has  been  used  in  many  physiological 
investigations  to  determine  the  nutritive  value  of  many  compounds,  grows 
normally  in  liquid  media,  and  fruits  normally  in  a  saturated  atmosphere, 
is  regular  in  its  germinative  i>ower,  and,  so  far  as  known,  constant  In 
form,  it  was  selected  to  determine  the  effect  of  sodium  benzoate,  used  in 
varying  <piantities,  on  Its  structure  and  development.  The  media  used  In 
the  experiments  were  tomato  bouillon,  tomato  gelatin,  and  tomato  pulp, 
jind  were  sele<*ted  because  the  tomato  juice  and  pulp  are  present  in  ketchup, 
and  also  l)e<*ause  they  do  not  alter  the  toxic  properties  of  the  agents  used 
toward  the  fungus.  Afterwards  the  condiments  used  in  ketchup  were 
tested  and  also  the  ordinary  focnl  preservatives,  though  not  so  extensively 
as  the  sodium  l)eiizoate.  In  these  latter  exiierlments  tomato  bouillon  was 
the  only  medium  used. 

The  bviuillon  was  made  by  adding  to  a  can  of  tomatoes  an  espial  vol- 
ume of  water,  boiling  for  about  half  an  hour,  and  then  tiitering.  The 
filtrate  is  <'lear.  and  a  go(Kl  meilium  for  growth.  It  has  an  acidity  of  ai)- 
proximately  .2%  calculated  as  citric  acid.  For  the  tomato  gelatin,  10%  of 
gehitin  was  a<1de<1  to  the  tomato  bjuillon,  cleared  with  egg,  and  flltere<l. 
The  tomato  pulp  was  obtaiiunl  from  a  factory,  and  was  made  from  whole 
tomatoes.  To  these  media  the  sodium  benzoate  was  added  in  the  various 
amounts  used  in  factory  practice.  Before  sterilizing  the  media,  calen- 
dered i)aper  was  tied  closely  over  the  cotton  |>lug  to  iirevent  the  distilla- 
tion of  the  benzoate.  After  sterilization  and  cooling,  the  media  were 
inoculated  with  spores  from  a  vigorously  growing  culture  of  the  mould. 
During  development,  the  cultures  were  kept  at  room  temperature,  unless 
otherwise  stated.  The  method  of  culture  was  by  moist  chambers  and  flasks 
for  the  bouillon  and  gelatin,  and  Petri  dishes  for  the  pulp.     The  moist 
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chambers  had  a  few  drops  of  the  culture  medium  placed  In  the  libttom. 
8o  as  to  keep  the  vaiwr  tension  unaltered. 

The  cultures  were  examined  at  regular  Intervals,  as  indicated  In  the 
tables,  those  in  the  flasks  having;  siK^ciniens  taken  for  examination  with 
the  miscroscope.  The  points  noted  were  the  swelling  of  the  si  Hires  i>re- 
cedlng  germination,  the  length  of  h>i>ha*,  and  the  earliest  appearance  of 
conidlophores,  for  the  cultures  In  the  moist  chambers.  For  all  other  cul- 
tures a  hand  lens  was  used  to  determine  the  tirst  appearance  of  germina- 
tion. The  appearance  of  the  conidia  was  shown  by  the  blue  (*olor,  and  the 
maturing  by  the  change  in  color  from  the  blue  to  green,  and  then  to  olive. 
The  volume  of  mycelium  and  conldia  was  noteil  to  determine  the  extent 
of  development. 

PENlClLLirM    (iBOWN    IN   TOMATO  Boi'IUX)N   500  CC.    70°    F. 


Per  Cent 
Sod.  Bern. 


l-\2 


Time  to 
Germ. 
Hours. 


24 


I>evek)pment. 


48 


1-10 


1-5 


1-2 


48 


120 


Spores  germinated. 

48  hour* — surface  covered. 

72  hours — spores  developed,  surface  blue.    Hyphv  uniform  in  outline,  protopbm 

homogeneous,  many  vacuoles. 
120  hours— fully  matured. 

Thin  ring  at  edge,  small  colonies  nubroerged. 

120  hours — surface  covered,  blue.    Hyphs,  uneven  outlines,  protopfatfm  gnunfar. 

walls  broken  easily 
240  hours— fully  matured. 


Slightly  lees  dexTloped  than  in  the  preceding,  otherww  alike. 
240  hours — fully  matured. 

Thin  interrupted  ring  at  edge. 

168  hours — spores  swollen,  irreguUr  in  outline,  filled  with  coaraHy  granular  pro- 
toplasm, walls  broken  by  cover  glass. 
336  hours — surfiice  dotted  w^ith  colonies,  showing  blue  spots. 
348  hours — fully  matured. 


The  eflfei't  of  the  stKlium  benzoate  on  the  development  Is  shown  in  a 
retardc<l  and  abnormal  development,  these  l»elng  accentuated  as  the  auionnt 
of  the  siilt  was  ln<Teasc<l.  to  a  iMunt  where  no  development  occurred. 
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Penicillivm  Grow.n  in  ]0%  Tomato  Geiatin.     ]00  cc.    70°  F. 


Percent 
Sod.  Benx 

Time  to 
Germ. 
Hours. 

Development. 

« 

24 

White  colonies  dotting  Burface. 

96  hours — surface  covered,  f^reen.  miture. 

1-12 

24 

Same  aa  control. 

1-10 

24 

S:inie  w  control. 

1-8 

24 

Hame  as  control. 

1-6 

24 

Leie  developed  than  control. 

96  hours — surface  covered,  nejirl/  all  Rreen 

432  hours— mycelium  curled  up  round  edge  . 

' 

1-4 

48 

Small  white  colonies  dotting  surface. 

96  hours — surface  covered,  nearly  all  green. 

342  hours — mycelium  curled  from  edges  to  center. 

1-2 

72 

Small  white  colonies  dotting  surfocc. 

96  hours — surface  about  two-thirds  covered,  oent<er  green. 

342  hours— mycelium  curled  up  so  as  to  enclose  the  spores. 

In  this  experiment  in  wliich  a  solid  mefliuni  was  used,  tlie  effe(»t  of 
tlie  sf)dluni  benzoate  on  tlie  develj)i)inent  of  tlie  mould  was  not  marlved. 
exceiit  In  the  cultures  containing  the  larj^er  amounts.  In  these  there  was 
a  sllfjht  retardation,  and  also  a  curllnj?  ui>  by  the  mycelium  from  the  sulv- 
stratum. 


I*KNlC'ILLirM    (IROWN    IN    TOMATO   Boi'ILLON    IN    MoiST   CHAMUKKS,    70°    F. 


I'er  Cent 
.Sod.  Benz. 

Time  to 

fierm. 

Hours. 

Development. 

24 

Short  tubes  formed. 

48  hours — well  developed  colonies  fonneJ. 

1-12 

24 

Short  tubes  fonned. 

48  hours— colonies  srailler  thin  in  the  control. 

1-10 

24 

Tubes  just  forming. 

48  hours — lem  development  than  in  the  l-12th  solution. 

1-8 

24 

Less  than  in  the  1-lOth  solution. 

48  hours— less  than  in  the  1-lOth  solution. 

1-6 

48 

Spares  i^ermioated,  ahorter  tubes  than  in  the  l-8th  solution. 

1-2 

96 

Spores  germinated,  short  tubes. 

Note. — In  120  hours  the  control  was  exhausted,  having  empty  hyphs ;  the 
other  cultures,  with  the  exception  of  the  i^  solution,  hare  hyphie  with  many 
vacuoles  In  the  protoplasm,  the  con  id  iop  ho  res  formed  are  uppfiT^TiU^  \iOT\£kA\k 
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The  eCFect  of  the  antiseptic  ou  the  development  of  the  mould  grown 
in  the  moist  chambers  was  not  so  pronounce<l  as  when  a  larger  quantity 
of  solution  was  used.  Neither  was  the  effect  always  uniform ;  sometime:* 
the  spores  in  the  i%  and  the  i%  solutions  merely  swelled,  but  no  deveIoi>- 
ment  of  hyphce  occurred ;  in  others  short  tubes  developed  from  some  of 
the  spores,  while  still  other  spores  showed  no  changes  whatever.     - 

To  test  the  effect  of  the  larger  quantity  of  solution,  inoculations  were 
made  into  flasks  containing  100  and  500  cc,  respe<*tively,  of  the  solutions. 
The  results  indicated  that  the  effe<?t  of  tlie  antiseptic  on  the  mould  de- 
velopment was  greater  when  grown  in  the  larger  quantity  of  the  .solution. 

Penicilijitm  Grown  in  Tomato  Pulp,  in  Petm  Dishkr,  05°  F. 


Percent 
Sod.  Ben;. 


1-12 

1-10 

1-8 

1-6 
1-4 
1-2 


Development. 


White  oolonieB  dotting  surface. 

96  hours — spores  formed. 

192  hours— surface  covered,  green. 

White  colonies  growing  up  on  side. 

192  hours— spores  formed  on  one  side,  colonies  startinK  in  center. 

Colonies  started  in  center. 
312  hours — spores  formed. 

White  colonies  growing  up  one  side. 
192  hours — spores  formed. 


The  pulp  usetl  in  the  exj^eriments  was  of  fine  quality,  and  without 
any  added  ingi'edlents  such  as  are  used  in  ketchup,  and  was  used  so  as  to 
determine  the  action  of  the  sodium  benzoate  alone  in  the  pulp.  Durins 
the  early  stages  of  development,  the  mould  grows  down  into  the  pulp,  w 
that  the  whole  surface  of  the  hypha>  acts  as  an  absorbent  and  would  thos 
be  affei'teil  to  a  greater  extent  than  where  only  a  part  of  the  surface  ww 
In  contact.  Tiiis  may  serve  to  explain  the  more  pn>nounced  action  of  the 
wxllum  benzoate  when  In  the  pulp,  and  also  the  fact  that  after  the  moaM 
has  devel<>|KHl  sufficiently  to  grc»w  out  of  tlie  pulp  the  development  heconie* 
more  nearly  normal. 
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The  experiments  were  re[>eated  many  times  and  sliow  sliglit  varia- 
tions, but  the  results  as  shown  in  the  tables  given  are  fairly  representative. 

BENZOIC  ACID  IN  CRANBERRIES. 

The  occurrence  of  benzoic  acid  in  cranberries  has  l)een  cited  so  often, 
and  in  a  manner  that  is  often  misleading,  figures  obtained  by  Lafar^  on 
the  low-bush  cranberry,  Vaccinium  Vitis  Idaea,  being  given  for  the  common 
cranberries,  Vaccinium  macrocarpon  and  Viwcinium  Ojchcocchs,  Vac,  Vitis 
Idaea  is  a  common  form  in  Europe,  growing  wild,  and  also  in  this  country 
in  Nova  Scotia,  and  though  it  is  imported  into  the  United  States,  it  is  not 
the  form  which  is  used  to  any  extent  as  compared  with  Vac,  macrocarjwn, 
the  large  cranberry  and  Vac.  Oa'ycocais,  the  small  cranberry.  The  amount 
of  benzoic  acid  in  V,  Vitis-Idaca,  as  quoted  by  I^afar,  varies  from  .(>4-.8G 
grams  per  liter. 

Testimony*  given  before  the  committee  on  interstate  and  foreign  com- 
merce of  the  House  of  Representatives  on  the  pure  food  bills  in  February, 
1906,  gave  the  amount  occurring  in  raw  cranberries  as  i%,  and  that  half 
of  this  was  volatilized  in  the  cooliing.  It  was  not  stated  which  of  the  two 
American  species  was  used  for  the  determination.  These  figures  have  not 
been  verified,  so  far  as  known  to  the  writer,  though  diligent  search  has 
been  made  in  many  chemical  and  food  journals. 

There  is  undoubtedly  an  antiseptic  present  in  cranl)erries,  a  fact  Ivnown 
to  any  one  who  has  made  either  cranberry  jelly  or  sauce,  as  these  can  be 
kept  without  spoiling  for  a  long  time,  even  when  exposed  to  the  germs  in 
the  air. 

Experiments  were  made  to  determine  the  effect  of  growth  in  cran- 
berry juice  on  the  development  of  the  organism  used  in  tlie  previous  ex- 
periments. 

The  cranberries  selected  were  the  small  oval  ones,  said  to  contain 
the  largest  amount  of  the  antiseptic  and  were  tested  in  three  ways : 

1.  200  grams  were  crushed  in  a  mortar,  then  covered  with  200  cc 
water,  and  allowed  to  stand  for  12  hours,  after  which  the  juice  was 
filtered. 

2.  200  grams  placed  in  an  open  vessel  in  the  sterilizer  and  steamed 
until  the  cranberries  were  soft,  after  which  they  were  crushed  in  a  mortar. 


»  Lafar,  F..  Technical  Mycology,  Vol.  I,  p.  117,  1898. 
» The  Canner  and  Dried  Fruit  Packer,  Vol.  XXVI,  No.  8. 


396 


had  200  ec.  water  added,  then  stood  for  12  hours,  after  which  the  juiw 

was  filtered. 

:i.    This  was  similar  to  2,  but  the  vessel  was  covered  closely  during 

the  steaming. 

For  the  experiments,  50  cc.  of  the  filtrate  from  each  set  were  plai-ed 
In  flasks.  They  were  inoculated  with  the  mould  without  any  previous 
sterilization.  The  following  table  shows  the  time  required  for.  and  the 
effect  on,  development: 

Penicillium   Grown   in   Cranberry   Juice. 


Medium. 


Raw  juice. 


Juice  coolied,  open 


Juice  ooolied,  closed 


Raw  juice+  lOcc.  ^-ater. 


Juice  coolied,  open  4-  lOcc.  water 


Juice.cooked,  closed  4-  lOcc.  water 


Uevdopment. 


4  Sliort  tubes. 

7  days  -only  smiall  white  oolonkv. 

Short  tubes. 

7  days—colony  green. 

Surface  nearly  covered,  white. 
7  days--  surface  green. 

Small  wliite  colony. 
7  days— surface  green. 

Surface  nearly  covered. 
7  da>'8 — surface  green. 

Surface  nearly  covered. 
7  days — surface  green. 


After  two  weeks'  develoi)mont.  the  color  of  the  spores  of  Penicillium 
was  a  yellowish  green,  instead  of  the  normal  bluisli  green,  and  the  my- 
celium was  very  scantily  develoi>ed.  The  surface  had  a  somewhat  granu- 
lar appearance,  instead  of  the  smooth,  even  appearance  of  a  normal  culture. 
The  filaments,  when  seen  with  the  microscope,  were  thin,  shrunken,  and 
clear,  with  distorted  outlines.  The  cultures  were  kept  for  months,  re- 
maining scanty  and  granular  looking,  and  a  i>eculiar  feature  was  that  no 
development  of  bacteria  occurred,  even  in  the  uniuoculated  ones,  though 
no  sterilization  had  been  done,  and  the  uniaoculate^  were  exposed  to  tlie 
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air  at  times.  Sometimes  the  cultures  become  infected  with  yeast,  which 
will  develop  in  a  normal  manner,  seemingly  not  affected  as  is  the  mould. 

The  antiseptic  in  the  cranberries  was  weakened  by  the  cooking,  and  It 
made  little  difference  whether  the  vessel  in  which  they  were  cooketi  was 
open  or  doseil,  development  occurring  in  the  same  time  in  both.  It  is 
[irobable  that  the  contained  acid  would  evai)orate  to  a  greater  extent  if 
the  cooking  had  been  done  on  a  stove,  as  they  are  cooked  ordinarily,  in- 
stead of  in  the  enclose<l  sterilizer.  It  Is  also  probable  that  some  of  the 
antiseptic  proi)erty  Is  due  to  the  astringent  present,  which  Is  said  to  l>e 
destroyed  in  the  cooking',  and  which  gives  the  raw  cranl)erry  its  unpleasant 
taste.  This  Is  further  lK)rne  out  by  the  fa(rt  that  the  effect  produced  on 
the  mould  is  different  from  that  i)roiluced  by  the  tienzoate,  used  either  as 
a  salt  or  acid. 

In  nearly  all  the  exi»erlmonts  with  other  media,  In  which  sodium  Ik?u- 
zoate  was  use<i,  in  the  lesser  amounts,  the  orgsinisms  though  delayed  In 
germination,  and  at  first  forming  an  abnormal  develoi»ment.  ajiparciitly 
i)ecanie  accustomed  to  their  environment,  and  later  develoi»e<l  fairly  nor- 
mally, wlilch  is  different  from  the  result  in  the  cranberry  juice.  In  the  lat- 
ter the  restrictive  effect  i>ersi8ted. 

CONDI  MKNT8. 

The  condiments  uswi  were  those  which  are  use^i  In  ketclnu) — salt, 
sugar,  celery,  cinnamon,  cloves,  garlic,  ginger,  mace,  mustard,  paprika, 
black,  white,  and  red  i)epper,  and  vinegar.  Along  with  these  acetic  acid 
and  alcohol  were  also  tested.  With  the  exception  of  the  cinnamon  and 
cloves,  the  other  spices  showed  slight  antiseptic  properties,  so  are  not  re- 
ported. They  were  tested  In  the  form  of  infusions,  made  according  to  the 
method  of  the  U.  S.  pharmaco|>oelu',  also  as  acetic  acid  and  oil  extracts. 
The  ordinary  table  salt  and  sugar  were  use<i.  The  quantities  of  the  con- 
diments used  in  the  reiH)rt  were  determined  after  a  series  of  exi)erlments 
had  been  made  to  locate  their  iM)int  of  inhibition. 


»  WIlllB,  C.  R.,  Practical  Flora,  p.  174,  1894. 
'  r.  8.  Dispensatory,  19th  cd.,  p.  651. 
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The  tables  show  the  germinative  power  and  also  the  groRS  effect  in 
development.  The  moist  chamber  cultures  gave  closer  results  on  the  ger- 
mination and  the  earlier  effects  on  growth,  but  were  not  as  satisfactory 
as  the  flask  cultures  in  showing  the  general  effect  on  development  In 
the  flasks  the  amount  of  development,  the  method  of  formation,  and  the 
color  in  maturing  could  be  seen  to  better  advantage. 

The  5%  salt  had  a  retarding  effect,  and  also  induced  an  abnormal  de- 
velopment, the  growth  being  confined  to  a  small  amount  of  curled  surface 
mycelium  not  spreading  normally  over  the  surface,  and  some  submerged 
colonies.  The  sugar  caused  a  delayed,  stunted  development,  sometimes 
the  growth  In  the  50%  C(msisting  of  a  scanty,  submerged  mycelium.  In 
lesser  amounts  than  25%  a  thin  surface  mycelium  forms,  with  a  thick 
layer  of  siK)res.  The  cinnamon  and  cloves  in  the  5%  solutions  were  stimu- 
lating, while  stronger  solutions  retarded  the  development,  the  cloves  being 
stronger  in  action  than  the  cinnamon.  In  the  5%  solution  of  alcohol  in 
the  moist  chambers  the  conldia  became  swollen  as  they  do  previous  to 
germination,  but  no  further  development  took  place.  In  the  flask  cultures 
the  action  of  the  alcohol  was  weaker,  the  conidia  germinating  and  forming 
small  colonies,  which  was  probably  due  to  the  evaporation  of  the  alcohol 
causing  the  solution  to  become  weaker  on  standing.  The  i%  acetic  acid  re- 
tarded growth,  and  caused  the  mycelium  to  wrinkle.  In  all  the  flask  cul- 
tures wltli  the  exception  of  the  alcohol  the  effe<»t  of  the  condiment  of  cor- 
resi)ondlng  per  (*ent.  was  stnmger  than  in  the  moist  chambers. 

PRESERVATIVES. 

The  iiroserva fives  are  those  which  have  l)een  used  in  foods,  and  used 
in  approximately  tlie  same  amounts.  The  results  show  that  they  have  a 
retarding  effei't  on  the  development  of  the  mould,  even  when  in  small 
amounts,  and  that  most  of  them  become  inhlbltlve  when  the  auKmnts  are 
IncreastMl.  the  increase  not  exceeding  the  amounts  which  have  l>een  used  in 
foods. 
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The  results  indicate  the  acid  to  be  stronger  Ln  Its  effect  than  the  cor- 
responding salt,  though  PenicilHum  is  a  plant  which  grows  luxuriantly  on 
acid  fruits.  The  sodium  sulphite  bleached  the  solutions,  i%  being  a  pale 
straw  color.  The  copper  sulphate  solutions  were  also  changed  in  color, 
the  i%  solution  was  a  decided  green. 

In  all  cases  microscopic  examination  was  made  of  material  from  the 
flask  cultures,  and  indicated  more  conclusively  than  the  gross  appearance 
the  effect  on  the  development.  Submerged  colonies  have  been  used  for 
the  rei)«rts  in  the  table,  as  they  are  more  uniform.  The  surface  colonies 
have  the  characteristics  of  the  submerged  in  their  earlier  growth,  but  as 
development  proceeds  and  the  hyphas  grow  away  from  the  medium,  the 
characteristics  may  change,  sometimes  more  nearly  approaching  the  nor- 
mal, or  they  may  develop  characters  more  pronounceil  than  the  submerged. 
In  a  few  instances,  only  submerged  colonies,  and  in  the  raw  cranberry 
and  cinnamon  solutions  only  surface  colonies,  develoi»ed.  In  making  meas- 
urements  the  germinated  spores  were  used,  and  only  the  average  sizes; 
the  extreme  in  size  was  avoided,  as  not  giving  a  fair  estinmte  of  the  effect 
of  the  preservative.  Where  only  one  measurement  is  given,  it  indicates 
that  the  spores  were  fairly  uniform ;  where  two  measurements  are  given, 
the  si)ores  showed  such  strong  variation  that  an  average  was  taken  of  the 
snmller  and  also  of  the  larger  instead  of  taking  the  average  of  the  two 
sets.  The  hyi)ha^  were  measured  but  varied  so  much  that  it  was  thought 
a  better  estimate  could  be  obtained  from  the  photographs. 


Microscopic  Appeau.\nce  op  Penicillium  (irown  in  Preservative 

Solutions. 


Preservative. 


Site  of 
Cienniiiat4>d 
Conidia  in  //. 


Control ... 

Salt,  5%.. 
Sugar.  50% 


8.5 


7.6 


7.6 


Characteristics  of  Developoient. 


Hyphie  somewhat  irregular  in  outline  near  fenninated  eondia,  ta- 
pering tips,  homogeneous  protopteam,  many  bife  roaad 
vacuoles. 


H>l)lue  short,  distorted,  homogeneous  pnUj/fham, 
blunt  tips. 


Hyphs  shrunken,  distorted,  bomogeDeous 
show  as  pink  spots,  giving  a  beaded 
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Microscopic  Appearance  of  Peniciluum — Continued. 


PRraCRVAnVB. 


Cinminion,  10^. 


Clovfd.  109t 


Cranberry,  raw 

Cranberry,  cooked,  open . . 
Umnberry,  cooked,  covered 

Aleobol.5% 

Acetic  acid,  1-5% 

Sodium  bens.,  1-5% 

Benzoic  acid,  1-10% 

Borax,  1-5% 

Boric  acid,  1-5% 

Sodium  salicyUte,  1-5%  . . 
SaUcylic  acid,  1-5% 

Sodium  sulphite,  1-5% . . . 
Saccharin,  1-5% 

Copper  sulphate,  1-5% . . . 


Size  of 
Germinated 
Conidia  in  fi. 


Characteristica  of  Development. 


15  2 


13.3 


7.6 

6.7 
7.6 

15.2 
11.4 


15.2 
38.0 


15.2 
49.4 


0.5 
15.2 

15.2 
19.0 

9.5 
15  2 

15  2 
30.4 


11.4 
13  3 

11.4 


Hyphu'  swollen,  Hunt  tipo,  protoplA^im  finely  KrAnulir,  without 
cobeftion,  walls  break  with  weight  of  cover-gljiM.  Few  sepia 
in  some,  in  others  prominent.  Few  side  branchefi.  Hyphc  db- 
organised  when  pkced  in  water. 

Hyph»  swollen,  blunt  tips  thicker  than  oMer  part,  short  thick  side 
branches,  finely  granular  protoplasm,  not  so  badly  disorganized 
as  in  cinnamon. 

Hyphs  shrunken,  distorted,  tendency  to  develop  conidiophores  ckwe 
to  germinated  conidia. 

Hypha  thin,  tapering,  protoplasm  finely  granular. 

Hyphs  slender,  tapering  to  threads,  protoplasm  reduced  to  lining 
of  walls,  coarse  granules,  many  septa. 

Hypha  swollen,  distorted,  walls  tough,  protoplasm  clear. 

Hypha  enlarged,  blunt  tips,  few  septa,  short  side  branches,  proto 
plasm  finely  granular. 

Hypha  and  conidia  swollen  and  distorted,  no  uniformity  in  forma- 
tion of  septa,  some  hypha,  few,  othen  many;  protoplasm  coarse- 
ly granular,  filling  tubes;  walls  break  readily. 

Hypha  larger  than  in  bensoate,  ipore  easily  broken,  distorted. 
Less  swollen  hypha  have  leas  distortion  and  less  disorganiza- 
tion. 

Hypha  short,  distorted  or  long  and  swollen,  blunt  ends,  proto- 
plasm clear,  homogeneous  or  finely  granular. 

Hypha  swollen,  short  thick  side  branches,  blunt  ends,  protoplasm 
finely  or  coarsely  granular. 

Hypha  as  wide  as  germinated  conidia,  few  septa,  granular  proto- 
plasm. 

Hypha  and  conidia  swollen,  some  of  the  conidia  much  elongated, 
hyphal  ends  blunt,  few  septa,  protoplasm  yellow,  rooraely  gran- 
ular, protoplasm  and  walls  disorganized. 

Hypha  enlarged,  few  septa,  protopUsm  coarsely  granular. 

Hypha  enlarged,  some  much  swollen,  slight  distortion,  clear,  homo- 
geneous protoplasm,  thick,  stunted  conidiophcwes. 

Hypha  enkrged,  slight  distortion,  protoplasm  yellow,  finely  in^n- 
ular,  dirty  appearance. 
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Microscopic  Appearance  of  Penicillium — Continued. 


Prbsbbvative. 

Siseof 
Germinated 
Conidia  in  //. 

Characteristics  of  Devebpment. 

Sodium  formate,  1-5% 

13.3 

Hyph«  swollen,  coartsely  granular  protoplasm,  short  aide  braocta. 
blunt  ends,  dijorganized,  or  normal  siie  with  fine  granule  and 
many  vacuoles,  some  rells  empty. 

Sodium  formate,  \  2% 

13.6 

Hyphs  swollen,  coarsely  granular,  short  side  I  r  inches  wbich  do 
not  develop,  blunt  ends,  disorganized,  break  eatuly. 

Formic  acid.  1-5% 

14.0 

Hvohc  swollen   ooarselv  zranular.  blunt  ends,  many  broken,  cr 

normal  sise,  finely  granular,  many  vacuoles. 

Formic  acid,  1-2% 

11.4 

41.8 

Hyphs  swollen^  ooarsely  granular,  yellow,  distorted,  badly  di* 
organised,  break  easily.    Nearly  all  germinated  conidia  brokm. 

The  sugar  luul  salt  caiused  the  h>T>hje  to  shrink  and  to  as.<iume  dis- 
torted shapes  when  in  sufficient  amounts  to  cause  a  retardation.  The 
cranberry  juice,  both  raw  and  coolced,  also  caused  shrinl^age,  and  the  raw 
juice  a  distortion.  All  of  the  otliers  caused  tlie  conidia  and  hyphie  to 
swell  and  some  of  tliem  also  caused  a  distortion.  Tlie  mould  grown  in  the 
alcohol  solution  had  tough  walls  in  spite  of  tlie  swelling,  and  a  clear, 
sharp  api)earance.  The  borax  and  boric  acid  also  produced  a  clear  ap- 
pearance. The  smlium  benzoate,  l^onzolc  acid,  sodium  salicylate,  salicylic 
acid,  sodium  formate,  formic  acid,  acetic  acid,  and  cinnamon  produced 
swelling,  distortion,  a  disorganization  of  both  the  protoplasm  and  cell  wall, 
and  a  yellowing  of  the  protoplasm.  The  c»ell  wall  had  no  elasticity  nor 
toughness,  so  that  the  placing  of  the  cover-glass  gently  on  a  mount  was 
sufficient  to  break  the  walls  of  the  more  distended  liypha?  and  to  allow  the 
protoplasm  to  flow  out.  The  protoi>lasm  api)eared  to  be  without  coherence; 
when  the  wall  gave  way,  it  flowed  in  all  directions,  as  if  it  were  composed 
of  loose  i)articles  having  no  cohesion.  The  sodium  sulphite,  saccharin, 
cloves,  and  copper  sulphate  growths  had  similar  characteristics  to  those 
enumeratefl  for  the  other  preservatives,  but  not  so  strongly  developed. 

In  summarizing  the  results,  there  seem  to  l)e  two  different  at*tloni» 
induced  l)y  the  action  of  the  sul)stance8  on  the  pnjtoplasm,  in  one  case  a 
l)lasmolyzing  effect  causing  a  shrinkage  and  distortion,  as  in  the  salt  and 
sugar,  and  in  the  other  case  a  toxic  effect  jiroducing  a  disorganization  of 
both  the  protoplasm  and  wall,  and  a  discoloration  of  the  protoplasm,  tbe 
substances  showing  varying  degrees  of  toxic  power. 
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GERMINATION  FROM  PUESEUVATIVK  MATERIAL. 


To  deteniilne  if  there  were  a  iwrmanent  deleterious  effect  produced 
on  the  plant  through  the  toxic  effei't  of  the  I'heinicals,  inoculations  were 
made  from  two  weeks'  old  cultures  into  tomato  bouillon.  The  result  Is 
shown  in  the  table: 


CJekmination  of  Penicillium  Grown  in  Phesekvative  Solutions 

14  Days. 


Phkservativk. 


Control 

Hoditun  ben*.  l-105o  • 

"       1-5%. 

1-2%. 


Hcnzoic  acid,  1-10% . 
"       1-5% 
1-2% 


Borax,  1-10% 

"        1-5% 

1-2% 


Boric  acid.  1-10%. 
"    1-5%. 

"    1-2%. 


Sod.  salicylate,  1-10% 
"      "  1-5%. 

"      "  1-2%. 


Salicylic  acid.  1-10% 
"  1-5% 
"       1-2% . 


Sod.  sulphite.  1-10% 
1-5% 
1-2% 


Saccharin,  1-10% 
1-5%, 
1-2%. 


Copper  sulphate.  1-10%. 
1-5%. 
1-2%. 


Number 

Days  to 

Cienninate. 


2 
2 
4 

2 
4 


1 
2 
5 

1 
2 
1 

1 
1 


3 
2 


2 
2 
1 

3 
2 
2 


Stage  of  DevelopiKent  in  5  Day«. 


Surface  covered,  green. 
Surface  covered,  green. 

U  M  U 

Thin  ring,  having  blue  dots. 

Surface  nearly  covered,  green. 
Small  surface  colonies,  blue . 


Surface  covered,  green. 
One  surface  colony,  green. 


Surface  covered,  green. 

"       nearly  covered,  green  in  center . 
Few  submerged  colonies. 

Surface  covered,  green. 


Colonies  on  surface,  green. 
Surface  covered,         " 


Surface  covered,  green. 


Colonies  on  surface,  green. 
Surface  covered. 
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The  germination  and  subsequent  development  Indicate  that  the  pre- 
servative aflfccted  tlie  conidia  deleteriously,  as  some  were  retarded,  while 
the  conidia  from  tlie  solutions  showing  the  strongest  effects  on  the  previoui* 
ilevelopuieut.  did  not  germinate,  exrei)t  from  the  i%  boric  add  9olatioD 
which  formed  a  few  submerged  cohmies,  no  surface  development  taking 
place.  La  far'  states  (hat  the  waterproof  character  of  the  oonidial  walls 
has  a  value  in  preventing  the  entrance  of  poisons  to  the  protoplasm,  bat 
in  the  cases  note<l  it  is  either  dissolved  by  the  chemlciils  or  powerlesB  to 
prevent  their  passage,  for  the  results  indicate  that  they  exercised  a  de- 
cided toxic  effect  on  the  protoplasm. 

SUMMARY. 

Salt  and  sugar  injure  the  plant  by  preventing  normal  action  of  the 
l)rotoplasm  through  plasmolysis. 

Alcohol  hardens  the  protoplasm  and  walls  and  prevents  development. 

( -ranberry  juice,  both  raw  and  cooked,  retards  development  and  caoaes 
shrinkage,  though  not  having  the  api>earauce  of  the  shrinkage  due  to  plas- 
molysis. 

All  of  the  other  chemicals  tested  acted  as  i)oison8  on  the  protoplasm, 
retarding  development  and  ca^ising  abnormal  swelling  and  disorganiza- 
tion of  varying  degrees  of  intensity  (m  both  the  protoplasm  and  cell  mem- 
brane. 

I-»a layette,  Ind. 

EXPLANATION  OF  PHOTOCUIAPHS. 

Tlie  photographs  have  the  same  magnilication.  x.'^05.  so  that  com|parl- 
sons  may  be  made  as  to  the  effect  of  the  preservatives.  The  si^ecimens 
were  submerged  colonies  in  all  casi»s  except  the  raw  cranberry  and  cinnn- 
nion,  and  no  submerged  colonies  develope<l  in  these  solutions.  The  en- 
deavor was  to  have  all  of  the  same  age.  but  this  was  impossible,  aa  some 
<level()ped  much  more  rapidly  than  others,  and  in  those  which  were  slaw 
in  developing  it  was  impossible  to  determine  the  changes  wliich  the  conidia 
may  have  been  undergoing  before  the  development  had  attained  the  colony 
stage.  Thv!  submerged  colonies  were  used  as  soim  as  they  made  their 
appearance.  In  some  of  the  specimens  that  show  little  or  no  swelling  tlie 
disorganization  can  be  seen  in  the  collapsed  ends  of  the  hyidue  and  the 
floating  fragments  of  protoplasm. 


'  Lafar,  F.,  Technical  Mycology.  Vol.  II.  Part  1,  p.  40. 


7.    Mreelium  Bhowinp  disorsftniied  hy-  8.    Mrcellum  from  ICM  vlnasmrUOcTain.) 

phH-  from  I0«  crovs  solution. 


imnili:  KOili. 


d  (closed)  eraiiliprr;  sulutTi 


U.    GermlDftted  eouldla  and  hyphm  from        X.    Ujicelliim  from  l-Gt  nodiiini  sulphite 


Dftted  eouldla  and  hyi 
«  Hlle/llc  *ald  Bolutfoi 


21.    Mrcdium  rrom  l-St  saccliariDaDlution.       22.    Mycetlum  from  1-S»  capiwt  sulphate 


21.    Mj'i'eliiim    with    dl^nreaiiir.prl    hypbal       21.    Miceliiini    witb    dlaorcanited   hyphv 
enib  iTiim  1-bt  aodiiim  tormale.  from  1-&1  formic  acid. 
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Further  Notes  on  Timothy  Rust. 


By  Frank  D.  Kern. 


At  the  last  meeting  of  the  Academy,  Noveml)er  27,  1008,  the  writer 
presented  a  short  paper  on  "The  Rust  of  Tlmotliy,"'  in  which  the  history 
of  its  occurrence  In  this  country  was  dlscusseil  and  its  distribution  at  that 
time  was  given.  The  remarli  was  made,  altiiough  not  incorporated  in  the 
paper,  that  this  rust  had  not  yet  i)een  reported  from  Indiana  but  that  it 
was  becoming  more  general  in  its  distribution  and  might  be  expected  here 
sooner  or  later.  Since  this  prediction  has  come  true  within  the  year  it  is 
considered  worthy  of  mention  at  this  time.  A  collection  consisting  only 
of  summer  spores  (urediniospores)  was  made  in  October.  1000,  near  Co- 
Iambus,  Indiana.'  I^ast  year  the  fungus  was  known  in  states  both  east 
and  west  of  Indiana,  so  that  while  this  rei)ort  does  not  extend  the  range 
geographically,  it  is  nevertheless  of  especial  interest  since  it  is  the  first 
definite  information  we  have  of  its  advent  into  the  State.  A  second  col- 
lection made  in  Novemt>er  at  the  same  locality  shows  also  a  few  winter 
spores  (teliospores).  It  is  of  further  interest  to  note  that  where  the  rust 
was  found  it  was  low  ground  with  unusually  rich  soil.  The  place  was 
originally  a  wet  swamp  but  is  now  tile-drained.  None  was  found  on  the 
high  land  adjoining.  Low  regions  furnish  more  moisture  in  the  atmos- 
phere surrounding  the  plants,  especially  at  nights,  and  this  means  better 
conditions  for  the  germination  of  the  spores. 

In  the  paper  read  last  year  it  was  said  that  this  rust  was  seemingly 
increasing  in  Its  distribution.  The  season  of  1000  has  proved  the  correct- 
ness of  this  prediction.  A  si>ecimen  was  collected  in  September,  1000,  in 
Maine  by  Dr.  J.  C.  Arthur.  This  is  the  first  collection  that  the  writer  has 
seen  from  the  New  England  states.  Last  year  Wisconsin  was  the  most 
western  state  which  liad  reported  the  rust.  Tliis  year  it  has  been  found 
as  far  west  as  Minnesota,  according  to  a  report  re<'ently  received  from 
an  ofl5cial  of  the  U.  S.  Department  of  Agriculture. 


*  Only  an  abstract  of  this  paper  appeared  In  the  Proceedings  of  the  Academy 
for  1908,  p.  85,  but  It  was  published  in  full  In  Torreya,  a  .Journal  of  the  Torrey 
Botanical  Club,  Vol.  9,  pp.  3-5,  Jan.,  1900. 

*  This  collection  was  made  by  Mr.  C.  G.  Hunter,  on  his  farm  near  Columbus, 
and  communicated  by  him  to  the  writer. 

[27—28003] 
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The  present  known  range  is  from  Maine  west  to  Minnesota,  south  to 
West  Virginia  and  Indiana.  Collections  from  the  following  states  have 
been  examined  by  the  writer  and  are  represented  by  s[iecimen»  in  tlie 
herbarium  of  Dr.  J.  C.  Arthur  at  Purdue  University,  where  the  writer 
has  carried  on  the  major  part  of  his  studies.  The  collectors'  names  are 
included  in  parentheses. 

Delaware  ( tlackson ) . 

Indiana  {Hunter), 

Maine  {Arthur), 

Michigan  {Arthur,  Kern). 

New  York  {Wcbbrr,  livtUIU'k,  Edyvrton,  Htonv). 

Ontario  {Arthur,  DcanicsH). 

Pennsylvania  ( Sumstinc). 

West  Virginia  {SheUton), 

Wisconsin  (/>aW«). 

During  the  year  no  addlticmal  facts  have  been  brought  out  which 
throw  any  light  on  the  8i)eciflc  standing  of  the  timothy  rust.  The  write* 
is  still  of  the  opinion  that  it  is  not  entitled  to  si>eciflc  rank  and  would  in- 
clude it  under  Puccinia  poculiformis  (Jacti.)  Wettst.  {Pucciniu  fframinU 
Pers.)  Tlie  statement  made  last  year  could,  perhaps,  be  somewhat  modi- 
fled.  Rather  than  calling  it  a  race,  physiological  species  or  form  species, 
it  might  be  l)etter  to  consider  it  a  variety  or  subspecies  since  it  does^  a« 
previously  pointed  out.  i>ossess  some  slight  morphological  diflPerenoes  from 
the  typical  form,  parti<'ularly  in  the  smaller  aecial  cups  and  the  more  deli- 
cate u  red  in  hi  1  mycelium. 

Purdue  rnlvorsity, 
I-rfifayette,  Ind. 
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The  Woodlot  for  Central  Indiana. 


By  E.  C.  Pego  and  M.  B.  Thomas. 


INTRODUCTION. 

The  purpose  of  this  pai>er  Is  to  show  as  accurately  as  i)ossible  with  the 
information  at  hand  the  conditions  of  central  Indiana  woodlots  and  to 
make  suggestions  for  their  improvement  and  peri)etuation. 

A  SHORT  HISTORY  OF  INDIANA'S  FORESTS. 

Early  explorers  of  Indiana  found  a  wilderness  of  giant  trees.  Upon 
the  tops  of  hills  and  higher  ground  were  such  trees  as  beech,  hickory,  oak, 
hard  maple,  walnut,  ash  and  tulip;  in  the  richer  lowlands  were  the  elms, 
buckeye,  basswood  and  soft  maples;  and  tall  sycamores  and  overhanging 
willows  lined  the  banks  of  the  streams.  It  was  not  uncommon  to  find 
trees  nearly  two  hundred  feet  in  height  and  twenty  to  twenty-five  feet  in 
circumference.  Everywhere  smaller  trees,  shrubs  and  herbaceous  plants 
struggled  for  their  requisite  amounts  of  sunlight.  A  spongy  mass  of  forest 
litter  made  a  tloor  that  held  rainfall  and  fed  the  innumerable  springs, 
which  in  their  turn  supplied  the  streams  and  rivers  with  a  constant  and 
uniform  volume.     Such  was  the  unbroken  forest. 

Clearing. — It  was  soon  discovered  that  Indiana's  soil  was  well  adapted 
to  agriculture.  The  early  settlers  began  the  work  of  forest  destruction  by 
clearing  their  homesteads  for  agricultural  puri)oses.  Regular  log-rollings 
were  held  at  which  tree  after  tree  was  cut  down,  piled  in  log  heaps  and 
bui'ned.  Such  work  at  that  time  was  justifiable  because  timber  was  very 
plentiful  and  because  the  ground  thus  cleared  was  necessary  to  furnish 
a  living  for  the  ever  increasing  population. 

Lumbering,— Yov  this  reason  much  of  the  land  was  cleared.  OflScial 
records,  which  begin  in  1870,  show  an  acreage  of  7,180,334  acres  in  tim- 
bered lands.  In  1880  only  4,:i35,000  acres  were  left.  As  Indiana  became 
more  thickly  settled,  better  houses,  cities,  rofids,  railroads  and  factories 
were  being  built,  each  requiring  a  certain  amount  of  timber  for  construc- 
tion. And  in  additional  ways  the  consumption  steadily  Increased.  The 
towns  and  cities  afforded  market  places,  the  roads  and  railroads  a  means 
of  transportation  for  lumber.    Thus  began  the  other  chief  influence  in 


\ 
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forest  destruction.  By  1890  over  2,500,000  acres  more  were  cleared,  of 
which  75,000  acres  became  waste  land.  The  timber  supply  of  the  East 
was  falling,  the  demand  increasing.  Then  Indiana  ranked  fifth  with  the 
states  of  the  Union  in  the  total  output  of  lumber.  In  1907  she  ranked 
twenty-seventh. 

At  the  present  time  there  are  probably  less  than  a  million  acres  of 
wooilland  in  the  State.  This  fact  shows  us  the  truth  of  the  prophecy  made 
twenty-five  years  ago  that  "At  the  present  rate  of  consumption  the  forests 
of  the  State  must  soon  cease  to  be  commercially  important"  Very  little 
now  remains  of  the  once  seemingly  inexhaustible  supply  of  valuable  tim- 
ber, such  as  oak,  walnut  and  yellow  poplar. 

Foi-maiion  and  Evolution  of  the  Woodlot. — It  is  with  this  small  re- 
mainder, especially  that  portion  which  lies  in  the  central  part  of  the  State, 
that  this  paper  deals.  Formerly  the  farmer  removed  only  the  timber  on 
the  laud  he  actually  needed  for  agricultural  pursuits.  Gradually,  as  his 
needs  increased,  he  extended  the  boundaries  of  his  fields.  The  trees  which 
he  removed  more  than  furnished  him  with  firewood  and  other  necessary 
timber.  But  when  a  market  was  opened  up  the  owners  began  to  cut  the 
still  vast  forests  for  purely  financial  reasons.  These  became  more  and 
more  exhausted  until  now  very  few  acres  of  virgin  timber,  and  compara- 
tively few  of  any  kind,  remain.  The  farmer  Is  at  present  apparently  sat- 
itfied  with  his  acreage  of  cultivated  land,  good  timber  is  too  scarce  for 
extensive  clearing  or  sale,  and  he  is  willing  that  a  small  portion  of  bis 
farm  should  remain  covered  with  a  more  or  less  depleted  forest  in  order 
to  provide  wood  for  general  purposes  about  the  farm.  These  are  the  chief 
reasons  for  the  presence  of  a  woodlot  today.  Some  timber  was  left  be- 
cause it  was  diflicult  to  reach.  Other  tracts  were  left  because  of  the  pas- 
turage they  afforded  in  the  grass  which  sprang  up  when  the  dense  forest 
clover  was  partially  removed.  So,  for  one  reason  or  another,  or  purely 
by  accident,  certainly  not  from  choice,  the  woodlot  of  tt^ay  occupies  the 
position  it  dcjes,  oftentimes  on  the  best  land  of  the  farm. 

Present  Conditions. — To  get  an  idea  of  the  present  condition  of  these 
woodlots  one  need  only  travel  a  few  miles  in  the  country.  In  the  distance 
he  can  see  trees  in  a  seemingly  unbroken  line.  Closer  examination,  how- 
ever, shows  them  to  be  in  small,  scattered  patches  ten  to  thirty  acres  in 
extent.  After  the  best  trees  lind  been  cut  out  and  sold,  the  custom  of  cat- 
ting trees  for  special  uses,  such  as  handle  stock  and  spoke  material,  led 
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to  the  removal  of  the  next  best  All  the  most  valuable  species,  black  wal- 
nut, yellow  poplar,  white  ash  aud  the  best  oaks,  have  been  cut  away,  leav- 
ing only  a  few  maples,  beech,  ironwood,  buckeye  and  the  like.  Many  of 
these  are  crooked,  defective  and  otlierwise  undesirable.  At  no  time  has 
any  care  been  exercised  to  protect  the  undergrowth  of  young  seedlings. 
The  floor  also  presents  a  very  different  appearance  from  what  it  once  did. 
A  dense  bluegrass  sod  has  taken  the  place  of  the  undergrowth  and  rich 
forest  litter  destroyed  by  constant  pasturage.  A  heavy  growth  of  grass  is 
in  itself  an  enemy  of  trees,  for  it  not  only  makes  reproduction  harder  but 
also  smothers  the  roots  of  those  already  growing  and  robs  the  soil  of  mois- 
ture so  essential  to  good  tree  development. 

Some  may  ask  what  it  matters  if  the  conditions  are  thus.  Are  not 
the  farmers  in  better  circumstances  now  than  they  were  forty  years  ago, 
yes,  even  ten  years  ago?  BMnancially  they  are,  but  with  wise  and  proper 
management  of  their  woodlots  they  could  realize  still  larger  profits  from 
their  farms.  . 

THE  WOODLOT. 

USES. 

There  are  many  reasons  why  woodlots  are  valuable.  They  furnish 
timl)er  for  all  farm  needs,  protect  buildings  and  crops,  shelter  live  stock 
and  materially  help  in  preventing  erosion  and  in  ornamenting  the  country. 

Firewood. — Firewood  comes  first  in  the  list  of  timber  used  for  farm 
purposes.  The  early  methods  of  using  wood  in  a  fireplace  were  wasteful. 
The  introduction  of  stoves  resulted  in  a  great  saving  of  fuel.  But  fuel 
production  was  not  the  only  purpose  served  by  the  forest  Now  lack  of 
timber  and  the  cost  of  getting  crooked  and  knotty  trees  cut  into  firewood 
have  compelled  the  use  of  a  substitute.  Most  fanners  would  be  glad  to 
have  again  a  plentiful  supply  of  cheap  fuel. 

Posts. — The  setting  of  1,000,000,000  (estimated)  fence  posts  per  year 
shows  us  another  very  important  use  for  timber.  According  to  the  last 
census  8,715,661  of  these  posts  were  produced  from  the  regular  logging 
camps  of  the  country.  The  use  of  these  posts  as  supports  for  woven  wire 
fence  is  very  economical  wlien  compared  to  the  former  practice  of  building 
rail  fences,  many  of  which  were  of  black  walnut,  the  most  valuable  timber 
Indiana  ever  produced.  Their  gradual  displacement  by  wire  or  picket 
fences  is  a  great  step  towards  forest  preservation. 
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General  Farm  Uses. — Then  there  are  other  innumerable  general  usea 
about  the  farm  for  poles,  boards  and  lumber.  After  all  these  needs  are 
satisfied  there  should  remain  some  timber  (logs  and  railroad  ties)  for 
market. 

Climatic  Influences, — ^The  influence  of  woodlots  on  the  climate  makes 
their  presence  desirable.  A  great  deal  has  been  written  about  forests  as 
a  factor  in  rainfall,  but  it  has  never  been  satisfactorily  proved  that  they 
increase  the  total  amount.  It  Is  known,  however,  that  about  twenty-eight 
per  cent  less  of  the  annual  rainfall  is  evaporated  within  the  woods  than 
outside  of  them,  and  that  the  mean  annual  temperature  of  forest  soil  is 
about  twenty-one  degrees  lower  than  that  of  cultivated  fields.  In  summer 
this  cool  soil -tempers  the  air  above,  and  by  starting  currents  from  the  ad- 
Joining  fields  lowers  their  temperature.  Besides,  woodlots,  if  situated 
in  favorable  positions,  check  strong  winds,  in  this  way  protecting  farm 
buildings  and  preventing  fruit  trees  and  crops  from  being  blown  down. 

Shelter, — ^A  woodlot  is  invaluable  for  the  shelter  it  affords  to  live 
stock  in  both  summer  and  winter.  Less  food  is  required  to  maintain  ibe 
l)ody  warmth  of  animals  when  they  are  well  protected  from  the  cold  win- 
ter winds.  Therefore  the  use  of  grain  in  fattening  stock  is  much  econo- 
mized. The  cool  shade  offered  by  a  small  portion  fenced  oil  from  the  best 
part  of  the  woodlot  prevents  fattening  animals  from  losing  flesh  during 
the  hot  weather. 

Aesthetic, — But  these  uses  are  not  all.  Every  one  knows  that  a  good 
strip  of  timber  greatly  increases  the  value  of  a  farm,  for  by  this  means 
not  only  the  beauty  of  individual  farms  but  also  that  of  the  entire  com- 
munity is  increased  as  much,  if  not  more,  than  by  more  expensive  Improve- 
ments. For  no  other  reason  than  this  each  farmer  should  strive  to  main- 
tain a  well  managed  woodlot. 

Water  Supply. — Forests  at  the  head  waters  of  streams  regulate  their 
flow.  As  has  been  said  before,  the  amount  of  evaporation  within  the  forest 
is  much  less  than  that  outside  because  the  loose  litter  offers  little  capil- 
larity to  the  water  content  of  the  soil  and  also  permits  of  a  more  rapid 
absorption  of  heavy  rainfall.  The  water  is  then  given  out  to  the  sq^rings 
and  streams  in  an  almost  constant  supply. 

Erosion, — The  problem  of  erosion  is  a  very  perplexing  one,  e^iedally 
in  a  rolling  country.  The  unlimited  removal  of  forests  has  left  but  little 
resistance  to  the  flowing  away  of  rainfall,  for  everywhere  the  soil  Is  more 
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or  less  hard  and  compact.  Water  speedily  runs  over  the  surface,  carrying 
soil  and  debris,  which  it  deposits  in  the  beds  of  streams.  Places  which 
wash  badly  are  exceedingly  common  and  cause  the  loss  of  much  tillable 
land. 

THE   MODEL   WOODLOT. 

After  a  review  of  the  reasons  for  maintaining  wtK)dlots  it  is  well  to 
consider  the  organization  of  a  model  woodlot. 

Number  of  Trees. — It  should  contain  the  number  of  trees  consistent 
with  the  most  rapid  development  of  the  lM?st  timber.  Trees  should  stand 
close  enough  in  youth  to  stimulate  growth  in  height  and  to  produce  long, 
dear  trunks.  As  the  stand  approaches  maturity  more  and  more  space  is 
required  for  each  tree  until  at  last  probably  only  one  hundred  and  fifty  to 
two  hundred  trees  of  the  original  three  or  four  thousand  remain  per  acre. 
Thinning  is  brought  alumt  naturally  by  the  struggle  for  supremacy. 

DUtrihution  and  Soil  Coiner, — Trees  should  be  evenly  distributed  over 
the  entire  area,  always  close  enough  together  to  prevent  many  direct  rays 
of  the  sun  from  reaching  the  ground  in  summer,  since  the  large  openings 
give  grass,  a  very  dangerous  enemy  of  forests,  a  chance  to  grow.  The  ideal 
soil  is  loose,  porous,  rich  in  vegetable  mould  and  is  covered  with  a  thick 
mat  of  leaves  and  leaf  humus  to  the  exclusion  of  all  grass  and  light-de- 
manding weeds. 

Forest  Cover. — The  trees  which  should  be  found  in  a  woodlot  depend 
uiK)n  two  factors — (1)  the  economic  value  and  (2)  silvical  characteristics. 
Such  trees  as  black  walnut,  black  cherry,  ash,  oak,  maple  and  poplar  have 
the  greatest  economic  values.  The  other  factor  has  to  do  principally  with 
the  soil,  moisture  and  liglit  recpiirements.  For  example,  sugar  maple  re- 
quires rich  upland  s<^>il  and  very  little  sunlight  for  its  t>est  development, 
while  sycamore  will  grow  on  any  wet  soil  if  it  has  plenty  of  light.  Thus 
we  shall  find  in  a  model  woodlot  the  si^ecies  best  suited  to  the  soil,  water 
supply  and  the  uses  to  which  ^he  timber  is  to  be  subjected.  In  no  case 
should  there  be  any  worthless  species. 

Reprodiwtion. — In  order  to  maintain  the  desired  acreage  of  our  timber 
producing  area  some  efficient  method  of  reproduction  is  necessary.  This 
is  usually  found  in  the  presence  of  large  and  nmture  seed-bearing  trees, 
which  scatter  their  fruits  over  long  distances  until  they  find  lodgment  in 
places  suitable  for  germination.    Another  method  of  reproduction   is  by 
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stump  sprouts  or  coppice  growth.  However,  the  size  and  quality  of  the 
timber  produced  in  this  way  is  much  inferior  to  that  formed  from  seed- 
lings. For  quiclc  reproduction,  advantage  of  this  sprouting  tendency  should 
be  taken  in  trees  lilse  the  oali,  basswood,  catalpa  and  hickory. 

HOW   TO  BEACH   THE   MODEL. 

The  next  point  to  demand  our  attention  is  how  to  bring  the  existiag 
woodlots  into  model  conditions.  The  examination  of  this  problem  may 
be  conveniently  considered  under  three  heads:  (1)  Protection,  (2)  Gen- 
eral Improvement  Cuttings,  and  (3)  Improvement  of  Type  Stands. 

PROTECTION. 

ft 

The  necessity  for  protection  arises  from  the  loss  occasioned  by  graz- 
ing, fire,  insects,  fungi,  wind  and  careless  work  in  the  woods. 

Grazing. — Grazing  injures  a  forest  in  two  ways — by  browsing  and  by 
trampling.  Domestic  animals  browse  sprouts  and  young  seedlings,  break 
off  shoots  and  buds  and  gnaw  the  bark  of  trees.  By  the  destruction  of 
herbage  the  sharp  hoofs  of  sheep  cause  loose  soil  to  become  lo<iser  and 
stiff  soil  to  become  more  compact.  Cattle  and  horses  are  much  less  harm- 
ful than  sheep  about  trampling,  although  their  hoofs  frequently  tear  away 
small  rootlets.  This  disturbance  of  the  soil  and  soil  cover  seriously  Inter- 
feres with  its  water  supply.  In  general  the  results  of  grazing  make  it 
imperative  to  exclude  all  stock  from  the  woodlot. 

Fire. — Fire  is  another  great  enemy  of  forests.  The  leaf  litter  and 
humus,  young  growth  upon  which  the  future  supply  depends,  and  mature 
trees  are  all  affecterl.  A  single  fire  does  not  usually  seriously  injure  older 
trees  but  a  series  of  fires  either  burns  them  up  completely  or  leaves  them 
in  such  a  weakened  condition  that  they  are  blown  down  by  wind  or  at- 
tacked by  insects  and  fungi,  and  then  furnish  a  source  of  infection  for 
other  trees.  But  in  this  thickly  settled  region  fires  are  easily  handled, 
for  they  can  readily  be  seen  and  extinguished. 

Insects, — The  following  conclusions  regarding  insect  Injury  have  been 
drawn  from  a  careful  Investigation  of  the  existing  conditions  thronghoot 
the  state:* 

(1)   Insects  causing  the  death  of  the  tree: 

(a)  Found  in  extensive  numbers  and  causing  serious  Injury,  as  fol- 
lows:    Bark  beetles  on  oaks,  hickories  and  locust. 

♦Report  of  State  Roard  o!  Forcaty,  1907. 
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(b)  Found  in  limited  numbers  and  causing  secondary  injury  as  fol- 
lows:    Bark  beetles  on  walnut  cherry,  hackberry,  elm,  mul- 
berry and  ash ;   bark-boring  grubs  on  oak  and  chestnut. 
(2)  Insects  not  causing  the  immediate  death  of  the  tree: 

(a)  Found  doing  serious  damage  to  timber  as  follows:    Carpenter 

worm  on  oak;  wood  borers  on  hickory;  powder  post  borers 
on  hickory. 

(b)  Injury  to  foliage:     Nearly  all  species  of  trees  found  affected 

by  one  or  more  of  the  following  forms,  of  which  all  except 
the  cottony  maple  scale  cause  little  damage:  Leaf  eaters, 
leaf  miners,  leaf  rollers,  saw  flies,  scale  insects  and  gall  flies. 

The  bark  and  wtwd  borers  can  usually  be  detected  by  pits  or  deposits 
of  flne  sawdust  around  the  holes.  About  the  only  remedy  is  to  remove 
the  infected  trees  at  such  times  as  will  prevent  the  hatching  of  the  larvae. 
Damage  due  to  leaf  insects  is  usually  so  slight  that  it  may  practically  be 
disregarded. 

Fungi, — Fungi  attack  trees  in  several  ways.  Some  kill  the  roots, 
others  grow  upward  from  the  ground  into  the  trees  and  change  the  sound 
wood  of  the  trunks  to  a  useless,  rotten  mass  or  leave  only  a  hollow  shell. 
The  spores  of  others  come  in  contact  with  every  part  of  the  tree  as  they 
float  about  through  the  air.  These  spores  find  a  very  suitable  place  for 
germination  if  they  fall  on  wounds.  By  removing  infected  trees  and  de- 
stroying old  logs  fungous  diseases  may  be  fairly  well  controlled. 

Wind. — Wind-blown  timber  frequently  exists  in  open  or  unprotected 
stands  and  in  moist  places  where  root  systems  are  shallow.  Trees  weak- 
ened by  fire,  fungous  and  insect  attacks  are  easily  broken  ofl'.  Of  course 
the  mature  trees  may  be  partially  or  wholly  utiiizetl.  The  greatest  dam- 
age is  done  to  those  for  which  there  is  no  immediate  use. 

Woodlots  which  have  been  unprotected  from  tlie  time  they  were  com- 
paratively small  usually  have  their  own  windbreaks  made  by  tlie  develop- 
ment of  numerous  side  branches.  A  strip  a  few  rods  wide  along  exposed 
margins  of  woods  should  always  be  kept  as  dense  as  possible.  The  de- 
velopment of  brush  and  undergrowth  should  be  encouraged.  Unless  there 
are  others  to  take  their  places  no  trees  should  be  cut  in  this  protective  area 

Should  it  be  necessary  to  plant  a  windbreak  it  is  best  to  employ  two 
si>ecies,  one  a  rapid  grower  to  provide  early  protection,  the  other  of  slower    ' 
growth  to  make  a  permanent  and  more  efficient  shield.    Carolina  poplar, 
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black  walnut  and  catalpa  are  types  of  the  first  class,  and  any  of  the  ever- 
greens types  of  the  second  class.  The  spacing  should  be  about  four  feet 
in  rows  six  feet  apart.  At  least  half  of  the  trees  should  be  removed  when 
they  begin  to  crowd  badly.  When  a  good  protection  has  been  well  estab- 
lished trees  may  be  removed  anywhere  within  the  grove  with  practically 
no  danger  of  windfall. 

Work  in  Woods. — Another  important  thing  to  keep  in  mind  is  care 
while  working  in  the  woods.  The  object  of  management  is  to  have  new 
trees  of  the  most  desirable  species  to  replace  as  soon  as  passible  those 
which  are  removed.  Therefore  it  is  necessary  to  protect  young  growth. 
Care  should  be  taken  in  felling  trees  not  to  injure  others  nor  crush  young 
seedlings.  Brush  should  be  piled  in  places  where  danger  to  timber  from 
fire  is  reduced  to  a  minimum. 

IMPBOVEMENT. 

The  second  part  of  our  examination,  general  improvement  cuttings, 
deals  with  defective  and  Infected  trees,  tree  weeds  and  a  general  plan 
for  harvesting. 

Defective  and  Infected  Trees. — Many  woodlots  contain  stag-headed  or 
entirely  dead  trees  which  are  rapidly  decreasing  in  value.  They  spoil  the 
beauty  of  a  grove  as  well  as  furnish  a  convenient  place  for  beetles  and 
fungi  to  live  and  propagate.    They  should  be  removed  immediately. 

Tree  Weeds. — Tree  weeds  are  another  waste  of  our  resources.  A 
tree  weed  occupies  space  in  a  timber  stand  but  has  comparatively  little 
value.  Ironwood,  water  beech,  dogwood,  scrub  oak,  pawpaw  and  sassa- 
fras are  examples.  It  is  advisable  to  remove  these  as  well  as  the  dead, 
dying  and  infected  trees  at  once  unless  by  so  doing  large  spaces  are  oi>ened 
up  in  the  forest  cover  which  will  not  close  before  grass  has  a  chance  to 
start 

Mature  Cutting. — One  more  general  rule  of  improvement  is  in  regard 
to  cutting.  Usually  only  such  trees  as  have  passed  tlieir  maturity  or  the 
point  where  the  amount  of  wood  formed  each  year  begins  to  decrease  should 
be  cut.  And  no  more  wood  should  be  removed  than  is  actually  grown.  Thus, 
if  a  woodlot  is  producing  five  wrds  of  wood  annually,  it  is  better  to  cut 
five  or  only  four  cords  than  six.  If  a  method  like  this  is  used  and  care 
taken  to  keep  the  ground  fully  stocked  with  thrifty  young  trees  the  wood- 
lot  may  bo  kept  up  Indefinitely. 
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Coppice, — In  cutting  the  following  suggestions  should  be  kept  in  mind : 
Stumps  should  be  cut  low  in  order  that  the  sprouts  may  become  inde- 
|)endent  of  the  old  root  system  as  soon  as  possible;  they  should  be  cut 
smooth  and  slanting  or  have  the  sharp  edges  removed  so  as  to  prevent 
water  from  collecting  on  them,  for  in  such  cases  they  are  apt  to  rot  and 
infect  the  sprouts;  care  should  be  taken  not  to  tear  the  bark  from  the 
stump  since  this  often  prevents  buds  from  developing  at  the  root  collar; 
the  sprout  should  be  cut  when  the  sap  is  down,  early  spring  or  late  fall, 
for  when  cut  in  midsummer  frosts  are  apt  to  kill  the  new  sprouts  which 
start  up.  before  their  growth  is  completed  and  their  wood  hardened. 

MATURE   OPEN    STANDS. 

Character. — Most  woodlots  are  remnants  of  the  original  hardwood 
forest.  The  valuable  straight  grained  and  easy  splitting  trees  have  been 
cut  for  lumber  or  firewood.  Those  which  remain  have  received  no  at- 
tention. They  are  mature,  crooked,  knotty  or  badly  diseased  and  grow 
in  clumps  or  are  scattered  over  the  lot  Few  are  of  any  value.  Almost 
all  these  timbered  tracts  have  been  used  for  pasture,  and  as  a  result  of 
constant  grazing  the  ground  is  covered  with  a  thick,  heavy  bluegrass 
sod  to  the  exclusion  of  desirable  young  growth.  If  any  reproduction  does 
occur  it  is  very  irregular  and  is  composed  mostly  of  wee<l  species. 

Treatment. — The  treatment  of  such  stands  depends  upon  the  degree 
to  which  it  has  deteriorated,  its  location  and  the  owner's  need  for  timl>er. 
If  it  is  on  land  better  suited  for  agriculture  and  the  farmer  is  more  in 
need  of  fields  than  timber,  probably  the  best  thing  to  do  would  be  to  re- 
move the  timber  completely  and  cultivate. 

But  if  the  lot  is  to  be  rejuvenated,  the  first  step  to  take  is  to  exclude 
all  live  stock.  Should  it  be  necessary  to  keep  some  of  the  woodland  for 
pasture  the  thriftiest  imrtions  should  be  fenced  off  and  most  of  the  trees 
removed  from  the  remainder.  More  timber  and  more  grass  can  he  pro- 
duced separately  than  together.  The  next  step  is  to  remove  tree  weeds 
and  other  trees  whose  value  is  decreasing.  The  remainder  will  furnish 
seed.  In  order  that  the  seeds  may  have  the  best  possible  conditions  for.  ger- 
mination the  sod  should  be  broken  up  by  means  of  a  bull-tongue  plow  or 
disc  harrow.  A  rank  growth  of  briars  and  weeds  will  probably  spring  up 
as  soon  as  the  sod  is  removed,  but  these  make  a  very  good  protection  under 
which  the  young  seedlings  are  to  develop.     Soon  the  new  growth  kills  out 
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the  weeds  and  briars  and  rapidly  establishes  a  good  stand.  Should  other 
species  than  those  present  be  desired  it  is  necessary  to  plant  them.  As 
soon  as  reproduction  is  well  under  way  the  mature  trees  may  be  cot 
Still  it  is  a  wise  plan  to  leave  some  of  them  for  seed  and  to  furnish  timber 
while  the  new  crop  is  growing. 

IRBEGULAB,   UNEVEN-AGED   STANDS. 

Character, — It  Is  from  the  irregular,  uneven-aged  stands  that  we  ex- 
l)ect  the  earliest  good  results.  These  are  parts  of  the  original  forest  re- 
tained in  almost  virgin  condition.  Some  are  dense,  others  more  or  less 
open.  In  them  the  soil  is  almost  ideal,  but  not  so  with  the  forest.  Fun- 
gous and  insect  hosts,  old  logs  in  various  stages  of  decay,  are  scattered 
over  the  ground.  Many  of  the  trees  are  mature  but  in  very  poor  condi- 
tion. Some,  however,  are  large  and  have  long,  smooth  trunks  and  com- 
pact crowns.  Increase  in  height  has  practically  ceased  and  diameter 
growth  is  very  slow.  A  young  growth  of  various  si>ecies,  many  of  which 
are  undesirable,  fills  up  small  openings  made  by  fallen  trees.  On  the 
whole  the  forest  capital  is  slowly  but  surely  decreasing,  for  the  amount 
of  timber  produced  annually  is  more  than  offset  by  death  and  deteriora- 
tion of  the  overmature  trees. 

Improvement. — The  first  requirement  for  the  imi)rovement  of  this  type 
is  the  same  as  for  mature  open  stands ;  that  is,  the  removal  of  tree  weeds 
and  the  species  undesirable  for  other  reasons.  The  next  process,  thinning. 
is  brought  about  naturally  by  shading.  Trees  which  are  crowded  while 
young  try  to  get  their  crowns  into  sunlight,  and  consequently  produce  long, 
slender  stems.  If,  after  a  sufllcient  height  has  been  reached,  space  is 
given  for  increased  root  and  foliage  development,  an  increase  in  wood  pro- 
duction occurs.  This  increase  takes  place  In  diameter  growth,  since  there 
is  no  longer  any  incentive  for  height  growth.  The  purpose  of  artificial 
thinning  is,  then,  to  accelerate  diameter  growth  as  much  as  possible,  to 
substitute  for  nature's  wasteful  struggle  a  systematic  removal  of  weaker 
and  inferior  trees,  leaving  as  many  of  the  good  ones  as  can  develop  with- 
out retardation  for  a  given  iieriod. 

Thinning. — This  process  requires  considerable  judgment  and  experi- 
ence, for  spofial  attention  is  given  to  the  trees  which  are  to  remain  rather 
than  to  tliose  which  are  to  be  cut.  Of  course  the  most  valuable  and  rapid 
growing  species  take  precedence  over  others.  The  following  list  will 
as  a  guide,  although  it  is  by  no  moans  invariable: 


429 

Species  specially  favored:  oak,  hickory,  ash,  black  walnut 

Species  of  less  value:  yellow  poplar,  butternut,  basswood,  maple,  elm, 
beech. 

Species  usually  removed:  iron  wood,  Cottonwood,  sassafras,  water 
beech,  etc. 

The  character  of  the  tree  is  more  important  than  the  si^ecies.  Tall, 
straight  trees  with  well  developed,  thrifty  top  are  left  in  preference  to 
those  which  are  spindlhig.  weak-topped,  crooked  or  unsound.  In  a  group 
of  equally  good  trees  it  is  often  i>est  to  remove  one  or  more,  for  by  so 
doing  the  remaining  trees  will  produce  more  wooil  than  all  of  them  had 
they  been  left  undisturbed.  Trees  with  their  crowns  entirely  exposed  to 
sunlight  are  seldom  removed  unless  a  number  of  thrifty  ones  will  be  as- 
siste<l.  Those  completely  overtopi>ed  by  others  have  ceased  to  be  a  factor 
in  the  growth  of  the  stand  and  may  be  cut  whenever  their  wood  will  pay 
for  their  removal.  Another  class  of  trees  are  those  which  receive  sun- 
light from  above  but  which  have  their  sides  shaded.  It  is  in  this  class, 
where  the  struggle  for  existence  is  most  severe  and  where  the  greatest 
economy  of  energy  can  he  brought  al>out,  that  most  thinning  is  done.  It 
is  better  to  make  light  thinnings,  never  more  than  a  fifth  of  the  stand  at 
a  time,  than  to  remove  too  many  at  once,  for  this  opens  up  large  patches 
of  ground  which  dry  out  on  exposure  to  sun  and  wind  and  furnish  an  ex- 
cellent opportunity  for  the  gnvwth  of  grass  and  undesirable  brush.  It  is 
not  safe  to  say  that  this  sikh-Ics  uuist  be  removed  to  make  room  for  that 
or  that  three  sprouts  unist  be  cut  from  a  group  of  six.  All  the  improve- 
ment thinnings  must  l>e  made  ui)on  the  judgment  of  the  oi)erator. 

In  the  woods  wliich  contain  large  oi)en  spaces  here  and  there  trees 
should  be  plantetl  as  in  mature  ojien  stands.  In  any  case  growth  of  young 
trees  and  shrubs  should  n<jt  be  hindered  but  rather  encouraged  on  a  strip 
at  least  two  rods  wide.    A  windbreak  should  be  planted  if  necessary. 

YOINO    STANDS. 

Character. — The  third  type  of  wmjdlots  is  the  young  stand.  The 
ground,  seeded  l>y  the  trees  left  after  all  merchantable  timl>er  was  cut, 
has  become  covered  with  second  growth  trees  four  to  twelve  inches  in 
diameter  and  twenty  to  fifty  feet  in  height.  Many  of  them  are  straight 
and  thrifty,  but  many  more  are  gradually  being  suppressed  and  are  dying. 
Trees  in  little  groups  here  and  there  which  started  from  seed  the  same 
year  are  so  evenly  matched  in  size  that  growth  is  temiiorarily  arrested. 
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Care. — ^The  seed  trees  which  deCemiined  the  composition  of  the  yoaiis 
stand  are  becoming  utxeless  tbrongb  decay  and  other  defects.  Often  there 
are  grape  vines,  old  flre-scTirred  snags  and  other  material  with  which  the 
lot  eonid  well  dis|iense.  These  should  be  removed.  At  tlie  same  time  a 
thinning  conld  profitably  be  made  if  the  stand  is  too  thick.  The  aims  and 
results  of  thinning  have  already  lieen  discussed. 

PLAXTIXG. 

Under  this  subject  the  main  points  of  planting  and  growing  woodlots 
are  mentioned  for  the  lienefit  of  those  who  wish  to  have  more  timber  than 
can  gr€)w  on  the  land  already  forested. 

LfjcatUjn. — In  general  not  less  than  one-eighth  of  a  farm*s  total  area 
should  be  in  woodland.  8ome  have  more  than  this  amount,  but  many 
others  have  practically  not  a  single  acre  in  woods.  As  has  been  said  be- 
fore, the  woodlots  existing  at  present  have  little,  if  any.  relation  to  farm 
buildings.  A  little  comer  cut  off  by  a  stream  or  railroad,  or  land  other- 
wise unfit  for  agriculture  because  of  steepness,  rocks,  etc.,  furnish  a  place 
to  plant  a  woodlot.  It  would  be  well  if  these  so-called  waste  portions 
were  so  situated  that  timber  growing  on  them  could  form  a  windbreak. 
This  idea  of  protection  should  always  come  into  consideration  when  pre- 
paring to  plant 

Species. — Whatever  the  opinions  of  individual  nurserymen  may  be 
regarding  the  species  to  plant,  there  will  never  be  found  trees  better  suited 
to  any  region  than  those  which  are  natural  to  its  soil.  For  central  In- 
diana we  recognize  white  oak,  red  oak  and  burr  oak,  ash,  walnut,  hickory, 
sugar  maple,  black  cherry  and  elm  as  types  for  lumber ;  and  osage  orange, 
black  locust,  coffee  tree,  catalpa,  etc..  as  types  best  suited  for  the  produc- 
tion of  posts,  poles  and  ties.  Careful  examination  of  the  soil  should  also 
be  made,  and  only  such  siiecles  which  will  develop  best  under  the  existing 
conditions  should  be  planted.  These  two  i>oint8  were  brought  out  fully 
under  the  topic  "Forest  Cover''  in  **The  Model  WwKilot" 

Preparation  of  the  Ground. — The  ground  should  be  plowed,  harrowed 
and  worked  into  as  good  condition  as  for  any  agricultural  crop  in  order 
to  secure  the  l)est  results.  However,  it  is  not  necessary  to  prepare  it  so 
carefully.  IMantlng  has  freciiiently  been  done  with  good  results  on  burned 
over  wocxiland  according  to  the  third  metliod  described  below  under 
*'IMauting."    But  trees  growing  on  well  prepared  ground  have  as  much 


advantage  over  those  on  unprepared  as  has  com  under  the  same  con- 
ditions. 

Where  to  Procure  Seedlings. — ^The  farmer  may  grow  his  own  trees 
from  seed,  procure  wild  seedlings  or  purchase  from  a  nurserj'.  Wherever 
possible  wild  seedlings  are  much  cheaper.  They  are  wealser  than  nursery 
grown  stocli,  and  should  be  transplanteti  to  a  nursery  for  one  or  two  years 
tiefore  being  planted  in  the  field. 

Care  of  Trees  Before  Field  Plitntitij/. — Trees  should  be  plautwi  with 
as  little  exposure  of  their  roots  as  i)os8ible,  for  the  root  hairs,  ui>on  which 
the  tree  dei)ends  for  talcing  in  its  food  supply,  will  dry  out  and  shrivel 
up  when  exposed  to  dry  atmosphere  for  even  a  few  minutes.  Some  of 
the  broad-leaved  si)e<'ies  can  witlistand  this  drying  out  if  they  receive 
proper  treatment  aftenvards.  The  l>e8t  way  to  prevent  this  is  by  "pud- 
dling." A  "puddle"  is  a  mixture  of  earth  and  water  about  as  thiclt  as 
cream.  It  may  l)e  mixed  in  bucliets,  tubs  or  barrels  and  drawn  along 
where  trees  are  being  dug  up  so  they  can  be  plunged  Into  it  Immediately, 
or,  if  the  seedlings  have  i)een  received  from  a  nursery,  as  soon  as  they  are 
unpacked.  If  i)lanting  Is  to  talce  place  at  once  the  trees  may  be  carried 
to  the  field  in  the  "puddle."  But  if  some  time  is  to  elapse  before  plant- 
ing they  should  be  "heeled  in"  as  they  are  "puddled."     For  "heeling  in": 

Dig  a  trench  deep  enough  to  l)ury  the  roots  and  part  of  the  stem. 
The  trench  should  run  east  and  west,  with  its  south  bank  at  a  sloi>e  of 
about  thirty  degrees  to  the  surface  of  the  ground.  A  layer  of  trees  should 
be  placed  in  the  trench  on  its  sloping  side,  the  tops  toward  the  south.  The 
roots  and  stems  should  be  covered  with  fresh  earth  dug  from  a  sec»ond 
trench,  in  which  a  layer  of  trees  is  put  and  coveretl  in  the  same  way.  The 
digging  of  parallel  trenches  is  re])eat€Hl  and  layers  of  trees  put  In  until 
all  have  been  "heeled  in." 

Time  for  Planting, — The  l^est  time  for  planting  is  just  before  growth 
begins  in  the  spring.  At  such  a  time  the  seedlings  are  apt  to  receive  the 
least  injury.  In  general  the  frost  should  be  out  of  the  ground.  Frost  Is 
one  of  the  chief  dangers  of  fall  transplanting,  for  the  young  trees  are 
often  heaved  out  of  the  ground  as  It  freezes.  It  is  also  best  to  choose  a 
wet  or  cloudy  day  for  transplanting. 

Methods. — After  everything  has  been  made  ready  for  planting  the 
ground  should  be  marked  out  In  rows  four,  six  or  eight  feet  apart,  dei)end- 
ing  on  the  si)ecles.  character  of  the  soil  and  length  of  time  cultivation  is 
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to  continue.    The  methods  of  planting  are  very  simple.    The  best  perhaps 
requires   two   men.    One  carries  a   bucket  of   "puddled"   seedlings.     The 
other  carries  a  spade  which  he  sets  full  length  in  the  ground.     He  then 
pushes  the  handle  forward,  sticks  a  seedling,  which  the  first  man  hands 
him.  in  l)ehind  the  blade,  withdraws  the  spade  and  then  steps  firmly  with 
both  feet  on  the  ground  around  the  tree.     Another  rapid  method   which 
often  8uc*ceeds  is  to  plow  a  furrow,  lay  the  trees  against  the  side  of  it, 
cover  with  a  hoe  and  tramp  firmly.     The  remainder  of  the  furrow  may  be 
filled  by  means  of  a  cultivator.    A  third  way  is  to  dig  a  hole  with  a  grub 
hoe  or  mattock.     This  method  is  used  only  on  unprepared  ground.     The 
sisMJ  of  the  hole  depends  upon  the  size  and  character  of  the  root  system. 
Fine  dirt  is  then  thrown  in  next  to  the  roots  and  the  hole  filled  up,  the 
earth  being  firmly  tramped  as  before.     All  trees  should  be  planted  deep 
enough  so  that  when  the  ground  settles  they  are  covered  to  the  same  depth 
they  were  before  being  transplanted. 

Cultivation, — One  of  the  great  troubles  with  the  plantings  already 
made  in  c^entral  Indiana  is  that  they  have  not  receive<l  sufficient  care. 
They  have  been  plowed  or  hoed  a  few  times  and  then  left  to  take  care  of 
themselves.  The  methods  and  aims  of  cultivation  in  the  state  reservation 
are  given  in  the  following : 

**The  cultivation  given  the  young  trees  growing  in  the  regularly 
planted  fields  was  of  two  forms,  plowing  in  the  same  manner  that  com 
is  cultivated  and  by  hoeing.  In  some  fields  the  trees  were  plowed  and 
hoed,  while  in  others  they  were  simply  hoed  without  plowing.  They  were 
given  two  complete  cultivations.  One  i)lan  seems  to  be  as  successful  as 
the  other.  The  aim  sought  by  the  cultivation  was  to  keei)  down  weeds  and 
other  wild  forms  of  growth  that  might  overcome  the  young  trees.  In  the 
fields  where  the  S(.il  around  the  young  trees  was  kept  loose  and  free  from 
weeds  for  a  short  distance  from  the  trees  (eight  to  twelve  inches)  by 
hoeing,  and  the  other  forms  of  growth  permitted  to  stand  around  them, 
the  young  trees  seemed  to  do  the  best.  The  only  reasonable  opinion  that 
can  be  given  for  this  fa<'t  is  that  the  other  growth  formed  a  mulch  over 
the  soil  and  prevented  evaporation  and  also  a  forest  condition  of  shade 
and  protection  which  resulted  in  good  to  the  trees,  and  by  keeping  a  clear 
opening  around  them  prevented  them  from  any  smothering  out,  as  will 
occur  where  the  wee^Is  and  other  growths  are  permitted  to  grow  up  close 
around  them.    The  young  trees  in  such  fields  are  larger  and  have  better 
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boles  formed  thnn  those  growing  in  the  fields  where  more  complete  culti- 
vation was  performed.  Those  growing  In  the  more  open  fields  and  where 
the  most  complete  cultivation  as  1^  keeping  the  soil  cleaned  of  all  forms 
of  outside  growth  seemed  to  grow  more  bushy  and  to  cease  growing  earlier 
in  the  summer  than  the  others.  The  only  reasonable  opinion  to  be  given 
for  this  fact  is  that  they  were  more  exposed  to  the  heat  of  the  sun,  nothing 
formed  a  covering  to  the  soil  to  prevent  evaporation  and  the  trees  were 
deprived  of  any  sort  of  shade  protection.  No  forest  influence  was  thrown 
around  them 

It  must  not  be  inferred  from  the  discussion  of  the  cultivation  here 
given  that  no  cultivation  is  needed.  The  young  trees  must  be  given  culti- 
vation necessary  to  protect  them   from  weeds  and  other  wild  forms  of 

growth  immediately  around  them The  trees  at  the  reservation 

are  given  the  cultivation  that  can  be  performed  with  the  means  supplied, 
and  no  more.  If  more  means  were  provided  they  would  be  cultivated 
more  and  better  results  might  accrue." 

It  can  be  seen  that  the  Board  of  Forestry  recognises  the  fact  that 
they  are  not  caring  for  the  young  trees  in  the  best  possible  manner.  A 
crop  of  weeds  is  not  the  best  way  to  prevent  evaiwration  from  the  soil. 
The  maintenance  of  a  dust  mulch  by  cultivation  will  do  this  and  will  not 
use  food  material  stored  in  the  soil.  A  disc  harrow  or  a  five-toothed  cul- 
tivator run  through  between  tlie  rows  after  each  rain  during  the  summer 
will  Ivcep  up  the  dust  mulch  and  keep  down  the  weeds.  In  other  words, 
a  forest  crop  should  be  cared  for  just  as  a  com  crop,  except  that  the 
period  of  cultivation  is  longer,  sometimes  three  or  four  years. 

Thinning. — Tlie  maximum  number  of  trees  per  acre  at  maturity  is 
al)out  two  hundred.  It  has  already  l)een  shown  why  tliinning  is  bene- 
ficial, so  only  this  remains  to  be  said:  a  few  years  after  the  plantation 
has  become  well  established  the  process  of  thinning  should  l)egin.  The 
wonkest  and  iK)orest  trees  and  those  crowding  better  ones  should  be  re- 
movtMl  here  and  there  to  make  room  for  their  more  vigorous  neighbors. 
Gradually  this  process  should  ctmtinue,  the  material  being  utilized,  until 
at  maturity  the  W(H)dlot  has  the  re(iuisite  number  of  good  trees  and  also 
has  provided  for  a  i>ermanent  supply. 
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DOES    A    WOODLOT   PAT? 


The  (iiiestion  naturally  arises.  Is  a  woodlot  a  paying  proposition? 
If  It  is  nott  why  are  the  mf>Ht  progressive  fanners  taking  saeh  an  interest 
in  forest  planting  and  forest  management?  Timber  is  a  necessity.  In 
earlier  times  it  was  not  so  valuable,  so  the  land  was  cleared.  The  rem- 
nants of  the  old  forest  may  easily  be  improved  at  odd  times.  The  cost 
is  much  reduced  if  the  farmer  does  his  own  worl(.  So  it  is  with  planted 
wood  lots,  es|)e<*ially  if  wild  seedlings  are  used.  Besides,  the  price  of  tim- 
l>er  is  advancing  as  the  supply  is  diminishing.  This  alone  encoarages 
planting. 

The  following  extract  from  a  letter  shows  that  with  a  little  care  a 
wcKHllot  can  be  made  to  pay : 

**I  have  logs  enough  cut  now  to  make  from  forty  to  fifty  thousand 
feet  of  luml)er.  These  logs  I  cut  from  a  ten-acre  grove  that  was  only  a 
brush  patch  thirteen  years  ago.  In  addition  to  the  logs  the  grove  has 
supplie<l  plenty  of  w(M)d  for  from  two  to  four  stoves,  and  some  for  sale. 
I>eside8  |K>sts  and  i)oles.  all  of  which  came  fri>m  the  thinnings.  There  are 
still  enough  trees  on  the  land  to  make  a  good  grove.*'  The  present  gen- 
eration may  not  reap  the  profits  but  the  next  one  will. 

SUMMARY. 

The  following  conclusions  have  been  drawn  from  this  study; 

1.  The  present  w(K)dlots,  only  the  remnants  of  the  early  forests,  are 
in  very  bad  condition. 

2.  Well-ordertMl  w<MMll(»ts  are  valuable  financially,  climatically  and 
aesthetically. 

X    Old  woodlots  may  be  iuii^roved  and  new  ones  planted  successfully. 
4.     Woodlot s  must  be  protected  and  well  cared  for  In  order  to  secure 
the  best  results. 

f^.    A  womllot  is  a  paying  investment. 
The  one  thing  lacking  is  universjil  Interest. 

Wabash  l^)llegl^ 

l^rawfonlsville.  Ind. 
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Recent  Wobk  in  Wood  Physics. 


By  William  Kendrick  Hatt. 


(Abstract.)* 

The  new  series  timber  tests  of  the  Forest  Service,  which  constitutes 
the  most  important  recent  series  of  exi>eriment8,  was  begun  in  1902  under 
the  direction  of  Mr.  Gifford  Pinchot,  Forester,  Forest  Service,  United 
States  Department  of  Agriculture.  About  44,000  test  pieces  have  been 
tested. 

These  timber  tests  are  divided  into  two  parts:  Class  (a).  Tests  on 
market  products  of  actual  size,  in  which  characteristic  defects  occur,  such 
as  stringers,  vehicle  parts,  railroad  ties,  of  interest  and  value  to  engineers 
and  manufacturers.  These  correspond  to  tests  on  riveted  joints  or  built- 
up  structures  in  metal  testing.  Class  (b)  includes  so-called  "scientific** 
tests  of  small,  perfect  specimens  with  uniform  moisture  content,  represent- 
ing material  collected  from  the  forest,  in  whi(?h  the  strength  is  related  to 
the  physical  structure  and  position  in  the  tree.  These  tests  are  of  espe- 
cial value  to  the  botanists  and  foresters  and  aid  the  solution  of  silvicultural 
problems. 

A  summary  of  results  obtained  to  date  will  be  presented. 

INFLUENCE   OF   CONDITIONS   OF  TESTS    UPON   RESULTS. 

(In  these  studies  small,  perfect  specimens  are  used). 

1.  Speed  of  Test. — ^The  strength  of  wood  varies  significantly  with 
the  speed  at  which  stress  is  applied,  increasing  more  rapidly  as  the 
speed  Increases.  Tests  are  standard ize<l  for  speed*  on  the  basis  of  fiber 
strain  per  unit  of  time;  and  experimental  factors  obtained  to  adjust 
strength  values  from  one  speed  to  another.  The  adopted  standards  of 
fiber  strain  are  as  follows,  expressed  in  Inches  per  inch  per  minute : 

Large  beans 0007 

Small  beams    0015 

Compression  parallel  to  grain,  small  pieces 003 

Compression  parallel  to  grain,  large  pieces 0015 

^  Abstracted  from  paper  by  the  author,  read  before  the  Copenhagen  Congress  of 
the  International  Society  for  Testing  Materials. 

'  See  Proceedings  American  Society  for  Testing  Materials,  Vol.  8,  1908,  page 
541.  "The  Effect  of  the  Speed  of  Testing  upon  the  Strength  of  Wood  and  the 
Standardization  of  Tests  for  Speed,'*  by  H.  D.  Tiemann. 
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Strength  of  wet  or  green  wood  Is  much  more  sensitive  to  changes  of 
si)eeil  than  is  dry  wockI.  At  tlie  siieed  adopted  for  official  tests  a  change 
in  8i)eed  of  50%  may  ordinarily  be  allowed  witliout  causing  a  variation  In 
strength  of  over  2%. 

2.     Temperature. — Since  wood  is  a  more  or  less  plastic  substance  it  is 
sensitive  to  changes  of  temperature.     Tiemann's*  experiments  show   that 
soaking  certain  species  in  water  at  normal  temperature  does  not   affect 
their  strength.     It  appears,  however,  tiiat  warm  water  has  a  marked  weak- 
ening effect.     The  extreme  condition  is  when  wood  is  made  pliable  by  boil- 
ing.    Some  woods  are  no  doubt  more  sensitive  than  otliers  to  the  eff€H*t  of 
tem|KM*ature  of  the  water  in  wliicli   tlM\v  are  innnerstHl.     In   recent    tests 
made  in  winter  weather  on  red  oak  (Quercus  Rubra)  ties  at  Purdue  Uui- 
versity.  ties  taken  from  the  temperature  of  the  storeliouse  (al»out  25**  F.) 
were  from  1)  to  17  i»er  cent  stronger  tlian  those  testetl  at  the  tenii)erature 
of   the   lalKiratory    (about   70°    F.).     Prolmbly   tliis   marked   difference   in 
strength  is  to  be  found  only  in  case  of  green  or  wet  wood.     The  rupture 
work  is  not  affected  to  the  degree  of  the  ultimate  strength.    Hickory  seems 
8i)ecially  sensitive  to  change  of  temperature.     It   is  concludeil   tliat   the 
ordinary  temi)erature  variations  of  the  air  of  a   laboratory  are  not   im- 
I)ortant,  but  that  the  temperature  of  the  storehouse  may  render  it  neces- 
sary to  waiTu  the  wood.     In  fact,  the  effect  of  a  given  factor  on  the 
strength  of  timber,  or  difference  of  strength  of  two  species,  may  at  times 
be  entirely  maske<l  by  variations  of  temi)erature  of  timber  at  the  time 
of  test. 

li.  Moisture. — ^'I'he  effect  of  moisture  on  the  strength  of  w^ood  has 
l>een  thoroughly  investigated  by  Tienumn.*  His  material  was  small  test 
pieces  uniform  in  moisture  content  throughout  the  cross-section;  and  he 
determined  the  distinct  "fil)er  saturation"  point,  above  which  increased 
moisture  content  did  not  affect  the  strength  of  timber  and  below  which 
there  was  an  increase  of  strength.  Previous  experiments,  yielding  a  con- 
tiimous  moisture  strength  law.  were  apparently  made  with  "case-hardened 
material." 


"Bulletin  70.     Forest  Service.  1906.     "Effect  of  Moisture  on  the  Strengrth  and 
Stiffness  of  Wood,"  »)y  H.  D.  Tiemann. 

<  Bulletin  70.     Forest  Service,  1906      "Effect  of  Moisture  on  the  Strength  and 
Stiffness  fo  Wood,"  by  11.  I).  Tiemann. 

Circular  108,  Forest  Service,  1007.     "The  Strenj?th  of  Wood  as  Influenced  by 
Moisture,"  by  H.  D.  Tiemann. 
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BEIATTON   OF  TESTS. 


The  relation  between  the  strength  under  various  kinds  of  tests,  such 
as  shear,  bending,  etc.,  and  compression  parallel  to  the  grain,  have  not 
been  determined  yet  by  an  analysis  of  the  data.  It  is  doubtful  If  any 
one  test  can  be  used  to  predict  the  strength  of  the  material  under  other 
forms  of  tests  when  conditions  vary  with  respect  to  previous  heat  treat- 
ment, moisture,  drying  or  preservative  treatment.  For  instance,  brittle- 
ness  induced  by  overheating  is  evident  in  impact  tests,  but  this  will  not 
necessarily  be  evident  from  the  compression  test  parallel  to  the  grain. 

An  investigation  of  the  effect  of  speed  of  test  Is  a  part  of  the  general 
study  of  behavior  of  wood  under  three  conditions  of  loading : 

(a)  Dead  or  constant  load. 

(b)  Ordinary  static  test  with  increasing  load. 

(c)  Impact  test. 

(a)  Dead  load  tests  exhibit  the  plasticity  of  wood.  Nearly  all  defor- 
mations increase  with  duration  of  load,  but  the  deformed  beams  subse- 
quently tested  show  no  loss  of  ultimate  strength.  Deflection  brought  about 
by  humid  atmosphere  Is  not  recovered  by  subsequent  drying.  The  ques- 
tion is  often  asked :  "What  per  cent  of  the  load,  as  determined  by  the 
ordinary  static  test,  will  break  a  beam  if  left  on  indefinitely?*'  This  has 
no  answer. 

(c)  Under  impact  loading,  wood  will  submit  to  greater  elastic  defor- 
mation than  under  the  ordinary  static  tests.  Impact  bending  tests  show 
elastic  deformation  largely  in  excess  of  those  experienced  under  static 
load.  The  impact  test  is  made  under  increasing  height  of  dror*.'^  The  order 
of  resistance  of  air  dry  w(mm1h  at  tlie  ultimate  failure  strength,  so  far 
obtainecl  is  as  follows: 

Hickory,  I>ongleaf  Pine,  Douglas  Fir,  Loblolly  Pine,  ('hestnut.  Spruce, 
Yellow  I*oplar,  Western  Yellow  Pine,  Western  Hemlock,  Sugar  Pine,  and 
Coast  Itedwood. 

(d)  Abrasion  Test.  The  abrasion  test  is  under  study.*  Wood  Is 
worn  by  sand-paper  in  the  Dorrey  Machine. 


*  Circular  38,  Revised,  Forest  Service.  "Instructions  to  Engineers  in  Timber 
Tests,"  by  W.  K.  Ilatt. 

•See  American  S.  for  T.  M.,  Vol.  7,  1007.  "P.  U.  Impact  Testing  Mach.,"  by 
W.  K.  Ilatt. 
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INFLUENCE   OF  TREATIOBNT  PBEVI0U8   TO   TEST. 


(a)  Drying  in  Hot  Air,  Steam,  Saturated  Steam,  etc    A  research  is 
under  way  to  investigate  the  safe  limits  and  the  most  advantageous  con- 
ditions for  the  commercial  processes  of  dr^g  wood.     The  immediate 
strength  after  drying  is  of  course,  usually  greater  because  of  the  les- 
sened moisture  content.     It  is  now  apparent,  however,  that  all  processes 
of  drying  wood,  even  air-drying,  are  attended  with  weakening  of  struc- 
ture, so  that  when  the  dried  wood  is  resoaked  there  is  a  loss  in  strength 
of  10%,  and  generally  more.     The  drying  of  white  ash   (Fraxinus  amer- 
icana,),  for  instance,  at  145**  F.  in  either  dry  air  or  exhausted  steam,  or 
in  superheated  steam  at  312°,  caused  no  significant  loss  in  strength  in  the 
air  dry  condition,  but  the  resoaked  wood  was  considerably  weaker  than 
the  green  wood.     Under  20  to  30  pounds  of  steam  applied  during  1  to  4 
hours,  pine  and  ash  suffer  but  little  loss  in  static  strength  after  the  moist- 
ure from  the  steam  is  removed  by  air  drying.    At  higher  steam  pressures 
(above  50  lbs.)   large  and  permanent  losses  result     An  equal  amount  of 
dry  heat  is  less  injurious  to  wood  than  moist  air  or  saturated  vapor,  when- 
ever the  temperature  exceeds  212**  F.    The  hygroscopicity  of  the  wood  in 
the  air-dry  condition  is  reduced  by  the  process  of  drying  in  steam,  dry- 
air  or  saturated  steam.    Microscopic  study  shows  that  the  cell  walls  EpUt 
open  because  of  the  shrinkage  of  these  walls  when  they  begin  to  dry  out 

The  results  from  the  Drying- Strength  Study  are  not  sufficiently  ad- 
vanced to  allow  complete  conclusions. 

(b)  Treatment  icith  Preservatives,  Tests  at  the  Louisiana  Purchase 
Exposition^  established  the  safe  limit  of  steaming  for  seasoned  loblolly 
pine  to  be  30  lbs.  applied  for  4  hours,  or  20  lbs.  applied  for  6  hours.  Bur- 
nettized  loblolly  pine  ties  exhibited  some  degree  of  brittleness  under  im- 
pact test  Creosote  appeared  to  act  upon  the  strength  in  the  same  way  as 
water.  It  retards  the  seasoning  of  timber,  with  beneficial  results  to  its 
physical  condition.  Present  evidence  points  to  steaming,  or  effect  of  heat 
in  preliminary  seasoning,  as  the  only  dangerous  element  of  the  treating 
process.  The  proper  limits  of  heat  should  be  determined  for  different 
species  of  timber. 

In  the  case  of  bridge  timbers,  of  coniferous  species,  of  large  sixe,  In- 
ci>mplete  evidence  indicates  that  the  desired  penetration  of  creosote  can 


'  Circular  39,  Forest  Service.       E:xpcriments  on  the  Strength  of  Treated  Tin- 
ber/'  by  W.  K.  Hntt 


only  be  obtained  by  cylinder  processes  that  reduce  the  strength  of  the 
timber.  The  unit  stresses  used  in  the  design  of  creosote  structures  should, 
therefore,  in  these  cases,  be  decreased  below  standards  established  for 
natural  wood. 

UrVIT  STRESSES  FOB  DESIGN. 

The  relation  of  strength  of  large  sticks,  involving  defects,  to  small 
and  perfect  pieces,  taken  from  the  parent  beam,  is  reported  in  Circular 
115,  Forest  Service.  The  strength  of  large  and  small  sizes  is  not  a  ques- 
tion of  geometrical  magnitude,  but  of  the  existence  of  defects  in  the  large 
sticks  such  as  knots,  shakes,  checks  and  the  presence  of  inferior  growth. 

Study  has  been  given  to  the  failure  of  large  beams  under  longitudinal 
shear.  It  is  apparent  that,  in  the  case  of  large  beams  of  seasoned  timber, 
the  failure  is  due  to  longitudinal  ghear  rather  than  to  bending.  In  green 
beams,  also,  this  form  of  failure  Is  frequent.  Therefore,  shearing  stresses 
should  be  taken  account  of  in  the  design.  The  result  of  later  tests  confirm 
the  early  results  that  the  strength  of  large  pieces  is  not  increased  by  sub- 
sequent seasoning,  except  in  case  of  select  grades.  In  other  words,  unit 
stresses  for  design  should  usually  l>e  based  upon  strength  of  green  timber. 

NEW    SPECIES   AND   SUBSTITUTES. 

The  eucalypts  of  California  and  the  South  have  been  tested.  They 
are  among  the  strongest  of  our  woods.  The  quality  of  the  various  species 
differs  greatly,  varying  in  kiln  dry  state  from  25,000  pounds  per  sq.  in. 
to  13,000  pounds  per  sq.  in.  in  modulus  of  rupture.  Tests  have  been  com- 
pleted on  tan-bark  oak,  which  formerly  was  left  stripped  of  its  bark  in 
the  woods. 

GENERAL  STUDIES  OF  SPECIES. 

Tests  of  red  gum  are  completed.'  Tests  of  various  species  of  hickory 
collected  from  various  site  conditions  liave  been  made  and  the  report  com- 
pleted. These  latter  tests  established  relations  between  rate  of  growth 
and  strength,  locality  and  strength,  and  si)ecies  and  strength.  It  appears 
that  the  most  fundamental  factor  governing  the  strength  of  wood  of  any 
species  is  the  specific  gravity,  or,  in  the  conifers  per  cent  of  summer  wood. 


■  Bnllotin  No.  58,  Forest  Service.     "Tlie  Red  Gum,"  by  Alfred  K.  Chittenden. 
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Technicml  Prohlems. — ^Tbe  study  of  track  fastmiiism.  csetefimp 
and  Hcrew  spikesy  aiMl  tie  platesc  ami  tbe  relatkm  of  tbg**tt  z-t 
of  ties  is  in  progTe««.    Laboratoiy  te^j*  are  9ar*r»leiDeiLt«Ki  '^j 
in  tracks  of  railroads  under  cifieration. 


nXTH^QUE  OF   TESTS   A3CD  THE  OBGAXIZATIO!!   OT  THX    L 

The  methods  and  records  and  or^nizatioii  ire*  sariim-  wvil   -ftpv^^ccd 
Tbe  results  of  experience  for  tbe  past  six  jears  are>  * 
3S.   rRevisedi,  entitled  **InstrDCtion  to  Engineers  ic  TjiAtfr-  T<! 
cently  a  department  of  microecopie  examination  of  «-•<«•£  'h^*-  y^esa.  »A6ti. 
stndj  manner  of  failures  in  tbe  tissnes.  changes  is  »c:  ly.f:  u.*-  twsci^j:^ 
beat  treatment  location  of  pr»aerratire  fluids  and  aZ^>«i£  jir^AoeiiA. 

Purdue  UniTerritj. 
Lafajette.  Ind. 
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Forest  Conditions  in  Indiana. 


By  Stanley  Coulter. 


Certain  economic  statements  may  serve  as  a  suggestive  introduction 
to  this  study  of  Forest  conditions  in  Indiana.  Some  of  these  will  be  more 
fully  elaborated  later  in  the  paper,  others  need  no  conmient  since  their 
mere  statement  is  sufficient  to  call  attention  to  existing  conditions. 

A  reference  to  the  Census  report  of  IS^O  will  show  that  at  that  time 
Indiana  ranke<I  sixth  in  the  list  of  iunil)er  producing  states.  In  11K>8  it 
ninked  twenty-seveiitli.'  Not  only  had  it  fallen  to  this  low  iK)sition  in  the 
list  of  lumber  prtKlucing  states,  but  the  cut  of  1!K>8  was  very  decidedly  less 
than  that  of  1007.  VV^hile  some  part  of  this  latter  h)ss  may  be  attributed 
to  the  reduceil  demand  for  luml»er  in  1JK)7,  all  of  it  cjinnot  be  so  referred. 
As  a  matter  of  fact  the  cut  made  represented  all  of  the  high  grade  timber 
u[K)n  which  lumbermen  could  lay  their  hands. 

While  certain  regions  of  the  state,  notably  in  the  southern  counties, 
still  appear  to  be  heavily  timbered,  an  examination  shows  that  practically 
all  forms  of  high  value  have  l>een  cut  from  them.  They  have  been  swept 
clean  of  their  yellow  iwplar,  white  oak.  black  walnut,  and  cherry  and  are 
made  up  almost  entirely  of  what  may  l>e  regarded  from  an  economic 
standtHiint  as  se<*ond  grade  or  inferior  forms.  It  is  these  inferior  forms 
that  are  furnishing  the  future  forest,  if  indeed  there  is  any  promise  of  a 
future  forest.  The  splendid  forests  of  the  past,'  splendid  not  only  in  ex- 
tent but  in  the  quality  of  the  timber  they  yielded,  have  disapi)eared  and 
the  forests  tliat  remain  are  infinitely  inferior  to  them  both  in  extent  and 
quality.  Present  conditions  indicate  a  still  further  deterioration  unless 
prompt  remedial  measures  are  taken. 

A  rather  careful  examination  of  the  existing  areas,  supplemented  by 
the  opinion  of  lumber  buyers,  leads  to  the  conclusion  that  few  extensive 
areas  in  the  state  will  g<how  a  stumpage  of  desirable  forms  exceeding 
2,500  feet  board  measure.    My  own  judgment  is  that  the  average  stumpage 


»  Forest  Products  No.  2.  Lumlwr,  Lath  and  Shingles,  1008.  Hureau  of  the 
Census,  issued  November  l.'»,  1009,  p.  8. 

'  Stanley  Coulter.  The  Forest  Trees  of  Indiana,  Trans.  Ind.  Ilort.  Soc,  1891, 
p.  8.  A.  W.  Butler.  Indiana :  A  Century  of  Changes  In  the  Aspects  of  Nature. 
Proc.  Ind.  Acad,  of  Sci.,  189G,  pp.  32,  33. 
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Is  below  this  figure.  In  order  to  reach  this  estimate  it  has  been  necessary 
to  include  beech,  elm,  and  sycamore,  species  which  for  various  reasons  are 
not  to  be  classed  with  white  oak,  yellow  poplar  and  blaclv  walnut.  Indeed 
the  eager  search  for  beech  and  elm  is  a  fairly  conclusive  eviden<x*  of  the 
paucity  of  forms  of  higher  quality  in  the  forests  of  the  state.  Of  course 
there  exists  here  and  there  throughout  the  state  small  tracts  showing  a 
heavy  stumpage  of  high  grade  species,  but  such  areas  are  the  exceptions 
that  prove  the  rule. 

A  constantly  increasing  number  of  wood-worlcing  plants  are  shutting 
down  because  of  inability  to  secure  the  needed  raw  material.  The  radius 
marking  the  limit  from  which  this  raw  material  can  be  drawn  is  very 
definitely  limited  by  freight  charges.  I  have  received  a  statement,  which 
may  be  considered  as  official,  that  fifty  per  cent  of  the  veneer  plants  of 
the  state  are  shut  down  because  they  are  unable  to  secure  logs  suitable  for 
their  work.  What  is  true  of  the  veneer  industry  is  true  in  varying  degree 
of  other  wood-working  industries.  This  means,  unless  checked,  loss  of 
employment  to  hundreds  or  even  thousands  of  men.  and  either  a  removal 
of  capital  to  other  states  or  its  absolute  loss.  The  re<luction  in  the  number 
of  wood-working  plants  in  the  state  within  the  last  decade  has  been  start- 
lingly  large  and  can  only  l>e  explained  by  the  rapidly  waning  supply  of 
suitable  raw  material. 

While  the  data  in  my  hands  are  not  yet  complete,  I  have  recH>rds  of 
over  five  hundred  thousand  (500,000)  acres  of  waste  land  in  the  state. 
This  waste  land,  located  in  a  very  great  measure  in  the  southern  portion  of 
the  state,  is  the  result  in  almost  every  instance  of  destructive  lumbering. 
Concerning  this  conclusion  there  can  be  no  doubt.  We  have  knowledge  of 
former  forestal  conditions,  and  in  many  cases  the  history  of  the  cuttings 
of  specific  tracts.  These  waste  lands  lie  open  and  are  absolutely  waste; 
they  are  not  used  in  agriculture  or  horticulture  and  have  wasted  to  such  an 
extent  that  they  are  compietely  abandone<l.  They  yield  revenue  neither 
to  the  owner  nor  the  state.  The  indications  are  that  the  amount  of  de- 
forested land  abandoned  by  the  owners  is  constantly  increasing.  The  sur- 
est indeed  the  absolutely  unmistakable  sign  of  a  decadent  state  from  an 
economical  standi>oint,  is  a  c<mstant  increase  in  the  area  of  abandoned 
lands. 

To  counteract  tiie  conditions  indicate<l  in  tiie  preceding  paragraphs, 
tree  planting  has  been  undertaken  in  the  state  on  a  fairly  large  scale  within 
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the  past  few  years.  These  plantings  have  been  made  by  IndiTiduals  and  by 
corporations.  The  tree  plantations  run  up  into  the  hundreds  and  the  num- 
lier  of  trees  into  the  hundreds  of  thousands.  A  careful  inspection  of  sixty- 
nine  of  these  plantings,  embracing  two  hundred  fourteen  thousand  (214,- 
000)  trees  was  made  in  1908-09  by  Messrs.  U.  C.  Allen  and  H.  C.  Kennedy. 
The  plantations  examined  covered  the  state  with  the  exception  of  the 
sortheastem  counties  and  represented  practically  every  type  of  soil  and 
drainage  conditions.  Supplementing  their  records  by  my  own  observations 
and  those  of  Secretiiry  C.  C.  Deam  of  the  State  Board  of  Forestry,  I  am 
led  to  the  conclusion  that  afforestation  operations  in  the  state  have  been, 
in  a  large  measure  at  least,  unsatisfactory.  While  there  are  occasional 
instances  of  successful  and  apparently  profitable  tree  culture  in  the  state, 
it  is  very  certain  that,  taken  as  a  whole,  the  results  are  not  of  such  char- 
acter as  to  give  promise  of  any  relief  from  present  conditions  in  the  im- 
mediate future.  The  plantings  have  been  chiefly  catalpa  and  black  locust 
Only  in  exceptional  cases,  and  then  rather  as  the  result  of  chance  than  a 
definite  purpose  have  other  species  been  tried.  A  very  few  small  plantings 
of  black  walnut  and  white  ash  practically  represent  the  attempt  in  growing 
trees  of  high  grade. 

The  reasons  for  these  unsatisfactory  results  are  not  far  to  seek.  They 
may  be  grouped  under  three  categories: 

1.  Ignorance  of  the  silvical  qualities  of  the  species. 

2.  Poor  seed  or  seedlings  which  were  not  of  the  species  desired. 

3.  Ignorance  of  the  cultural  requirements  for  securing  rapid  and 
healthy  development. 

Apparently  in  many  of  the  plantations  no  question  as  to  the  fitness 
of  the  soil,  or  drainage,  or  exposure  entered.  In  another  large  series  of 
catalpa  plantings  the  larger  number  of  the  trees  were  not  the  hardy  ca- 
talpa (speciosa)  but  C,  hignonioides  or  some  hybrid.  In  more  than  one- 
half  of  the  cases  absolutely  no  attention  was  given  after  the  planting,  to 
cultivation,  to  pruning  or  to  coppicing.  A  study  of  the  conditions  in  these 
plantations  is  sullicient  proof  that  afforestation  operations  will  not  be  suc- 
cessful in  Indiana  until  a  much  fuller  knowledge  of  the  silvical  qualities 
and  requirements  of  the  species  selected  becomes  common  property. 

Bad  as  the  existing  conditions  are,  the  case  is  far  from  hopeless.  The 
aggregate  timbered  area  of  the  state  is  still  large  and  while  the  stumpage 
is  not  heavy  nor  the  quality  all  that  could  be  desired,  yet  these  areas 
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famish  not  only  the  hoi)e  but  the  assurance  of  the  future,  if,  and  only  if. 
they  are  Intelligently  niana^jed.  All  of  the  timber  lands  in  the  state,  with 
the  exc-eption  of  the  State  Forest  Reservation,  is  held  by  private  ownera. 
As  a  rule  these  holdInf?s  are  relatively  small  and  our  forests  may  be  con- 
sidered as  made  up  of  a  large  number  of  wood  lots.  It  is  a  fact  that  can- 
not be  too  often  rei)eated  or  over  emphasized,  that  it  is  a  much  more  cer- 
tain and  a  much  eheai)er  process  to  maintain  and  improve  an  existini? 
stand  of  timber  than  to  produce  a  new  one  by  planting.  Not  only  is  it 
much  surer  and  cheaper,  but  it  is  also  much  more  rapid. 

The  problem  of  the  future  of  the  forests  of  Indiana  is  merely  the 
problem  of  necurlng  the  proi)er  handling  and  care  of  the  wood  lots  and 
small  timbered  areas  held  by  individual  owners.  If  such  areas  are  wisely 
handled  and  conservatively  lumbereil  there  is  no  reason  why  they  should 
not  for  years  yield  a  steady  and  increasing  income  and  at  the  same  time 
show  a  marked  increase  in  quality  and  value.  In  other  words  the  problem 
of  the  future  timber  supply  in  the  state  is  very  largely  a  problem  of  edu- 
cation. Owners  of  timbered  tracts  must  be  brought  to  a  realization  of  the 
value  of  such  holdings  and  trained  in  methods  of  management  which  will 
secure  the  results  indicated.  It  must  be  shown  also  that  such  methods  of 
management  are  profitable,  for  unless  this  can  be  done  no  method,  how- 
ever theoretically  desirable  It  may  be  shown  to  be,  will  ever  come  into 
general  use.  The  real  peril  lies  in  the  fact  that  this  process  of  education 
is  a  very  slow  one  and  that  existing  timber  areas  may  lie  greatly  reduced 
in  value  or  completely  destroyed  before  a  knowledge  of  the  better  methods 
has  become  common  property.  An  examination  of  a  number  of  such  tracts 
covering  many  counties  of  the  state  indicates  fairly  well  what  may  be  con- 
sidered the  average  ctmdition  of  the  forests  of  Indiana  to<lay. 

Almost  without  exception  these  timbered  areas  are  used  as  pasture 
land,  and  have,  in  most  instances,  been  so  heavily  overpastured  as  to  prac- 
tically destroy  all  prosiiects  of  the  regeneration  of  the  forest  after  the  re- 
moval of  the  present  trees.  An  examination  of  seventeen  such  wood  lot 
pasture  tracts  during  tlie  past  season  which  were  distributeil  through 
twelve  counties  of  the  state,  revealed  the  fact  that  in  not  a  single  one 
could  any  young  seeillings  or  healthy,  well  formed  saplings  be  found.  Any 
system  of  management  under  such  conditions  is  perfectly  useless.  Tnless 
the  condition  of  the  wood  lot  areas  is  improved  and  the  regeneration  of 
the  forests  provided  for  l)y  an  abundant  and  vigorous  growth  of  seedlings, 
the  end  of  our  forests  is  not  far  distant. 
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In  most  Instances  the  withdrawal  of  the  tract  from  pasturage  will  be 
sufficient  to  permit  an  immediate  springing  up  of  sufficient  seedlings  to 
care  for  the  future  of  the  tract.  This  withdrawal  from  pasturage  should 
be  absolute  until  such  time  as  the  young  growth  is  beyond  danger  from 
browsliifir  animals.  After  that  time  light  grazing  may  not  be  injurious,  al- 
tlKmgh  if  grazing  is  permitted  at  all,  there  is  the  constant  temptation  to 
overgraze. 

The  effect  of  this  overgrazing  is  very  easily  demonstrated  by  simply 
enclosing  a  tract  which  contains  no  seedlings,  thus  protecting  it  from  cat- 
tle. Almost  invariably  a  dense  and  abundant  undergrowth  representing 
many  si>ecies  of  tree  forms  will  spring  up  and  in  a  few  years  will  have 
provided  a  stand  sufficiently  dense  to  allow  improvement  cuttings  and  thin- 
nings, leading  to  the  formation  of  a  new  forest. 

In  the  State  Reserve  a  large  acreage  was  burned  over  the  year  before 
the  State  took  possession  of  the  tract.  At  the  present  time,  some  eight 
years  after  the  fire,  the  tract  which  was  burned  over  is  densely  covered 
with  a  growth  of  vigorous  and  healthy  young  trees,  with  valuable  species 
represented  in  such  large  numbers  as  to  give  certain  promise  of  a  fine  even- 
aged  stand  after  the  cleaning  and  thinning  cuttings  have  been  made.  The 
area  was  regenerated  fnmi  adjoining  seed  trees.  No  treatment  of  any  kind 
was  given  the  tract ;  it  was  simply  freed  from  pasturage. 

In  the  hill  regions  of  the  southern  counties,  and  especially  in  local- 
ities where  the  hills  faced  the  Ohio  river,  the  forests  were  removetl  many 
years  ago.  For  years  such  tracts  were  left  unfenced  and  during  those 
years  the  land  wasted  throujih  erosion  and  no  seedlings  obtained  a  foot- 
hold. At  a  later  i>erlod  when  laws  forbidding  stock  running  at  large  were 
passed  and  when  wire  fencing  came  into  general  use.  these  denuded  hills 
were  quickly  covered  with  a  dense  growth  of  vigorous  young  trees.  No 
planting  had  been  done,  the  soil  had  received  no  treatment,  but  the  tract 
as  In  the  former  case  was  freed  from  pasturage.  Such  Instances  could  be 
multiplied  almost  indefinitely  and  from  them  can  be  drawn  a  conclusion  of 
high  economic  value,  namely,  that  very  many  of  the  denuded  areas  of  the 
state  could  l>e  afforested  by  the  simple  process  of  relieving  them  from  the 
burden  of  pasturage.  It  Is  safe  to  say  that  1)0%  or  more  of  the  timber 
areas  of  the  state  are  so  heavily  over-pastured  as  to  i>reclude  any  possibil- 
ity of  their  future  Improvement  or  growth.  Until  the  owners  of  these  small 
forest  tracts  realize  the  utter  destructiveness  of  over-pasturage  but  little 
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can  be  done  to  improve  forest  conditions  in  the  state.  That  these  state- 
ments are  not  exaggerated  is  a  matter  of  fairly  easy  demonstration  by  any 
person  who  will  go  through  an  average  forest  in  his  vicinity  and  make  a 
close  examination  for  the  young  trees  which  stand  as  a  prophecy  of  the 
future  forest.  In  almost  every  instance  they  will  be  found  to  occur  In  such 
small  numbers  as  to  indicate  a  constantly  waning  forest.  Indeed,  in  very 
many  cases  not  a  single  seedling  or  sapling  of  a  desirable  species  can  be 
found. 

A  further  examination  of  these  areas  within  our  state  shows  that  In 
by  far  too  many  cases  they  have  suffered  damage  by  fire.  In  very  many 
instances  these  fires  have  spread  into  the  timber  tract  from  the  right  of 
way  of  railroads  or  from  meadow  fires  which  have  been  started  for  the 
purpose  of  cleaning  and  have  escaped  control.  However  they  may  have 
originated,  their  effect  upon  the  forest  has  been  two-fold.  First,  in  a  ser- 
ious damage  to  the  mature  trees  and  second,  in  practically  obliterating 
all  the  young  growth  which  may  have  become  established.  As  a  result 
of  the  action  of  such  fires,  not  only  is  the  young  growth  killed  but  the  soil 
is  placed  in  such  condition  as  to  preclude  a  future  growth  for  several  years. 
The  damage  by  forest  fires  in  the  state  durii^g  the  past  year,  which  was 
by  no  means  an  exceptional  one,  amounted  at  a  conservative  estimate  to 
at  least  $100,000.  A  very  large  part  of  this  loss  could  have  l)een  avoided 
by  exercising  ordinary  care.  Very  much  more  of  it  could  have  been  pre- 
vented by  the  rigorous  application  of  the  laws  fixing  the  responsibility  for 
the  occurrence  and  spread  of  forest  fires. 

The  value  of  these  wood  lots  as  they  stand  might  also  be  very  greatly 
improved  in  many  cases  if  improvement  cuttings  of  various  kinds  were 
undertaken.  Almost  all  of  them  need  "cleanings"  in  order  to  remove  from 
them  various  undesirable  forms.  It  must  be  remembered,  however,  that 
such  cleanings  must  not  be  too  vigorously  undertaken  lest  too  great  an 
amount  of  soil  be  exposed  to  the  action  of  the  sun  and  the  wind.  Sudden 
changes  in  ecologic  conditions  are  particularly  fatal  to  young  tree  growth. 
Where  the  undergrowth  or  undesirable  forms  are  at  all  dense,  probably 
not  to  exceed  25%  should  be  removed  at  any  one  time  and  the  ground 
should  not  be  cut  over  again  in  less  than  four  or  five  years.  In  these  clean- 
ings the  object  should  be  to  remove  all  forms  the  absence  of  which  would 
improve  the  forest  and  give  the  trees  left  standing  an  opportunity  for  a 
more  perfect  development.     In  this  cleaning  should  ultimately  be  removed 
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all  trees,  which,  even  if  allowed  to  reach  full  maturity,  would  never  have 
an  economic  value.  It  should  also  include  all  trees  that  are  dead  or  dy- 
ing, since  such  trees  are  not  only  deteriorating  in  value  but  also  serve  as 
centers  from  which  various  diseases  destructive  to  the  forest  may  spread, 
and  because  in  addition  they  furnish  natural  breeding  places  for  many 
species  of  harmful  insects.  When  such  dead  or  dying  trees  are  Infested 
with  fungus  diseases  cr  injurious  insects,  they  should  be  completely  burned. 
The  cleaning  should  also  include  all  trees  which  are  over-mature  or  for 
any  cause  are  losing  value.  Trees  which  are  undesirable  in  shape  or  from 
other  causes  do  not  promise  to  make  a  satisfactory  growth  should  also 
be  included  in  the  cleaning.  Special  attention  should  be  paid  to  seed  bear- 
ing trees  of  undesirable  species.  Tliese  should  l>e  removed  whenever  found 
in  order  to  prevent  their  seedlings  from  occupying  the  ground  at  the 
expense  of  the  more  desirable  foims. 

As  has  l)een  suggested,  these  operations  must  not  be  carried  on  too 
vigorously  since  the  young  seedlings,  which  are  to  make  the  future  forest, 
require  shelter  from  the  wind  and  from  the  sun  during  their  earlier  years 
and  if  the  removal  of  these  undesirable  forms  is  made  too  completely  at  a 
single  operation  the  object  in  view  will  be  defeated.  By  the  application  of 
such  methods  not  only  may  the  condition  of  the  wood  lot  be  constantly 
improved  so  that  in  the  end  it  will  contain  a  vigorous  and  healthy  growth 
of  valuable  forms,  but  at  tiie  same  time  much  material  which  may  be 
utilized  for  fuel  and  for  other  purposes  will  have  been  removed  from  the 
area.  In  almost  every  instance,  if  care  is  taken,  these  cleaning  cuttings 
will  more  than  pay  for  the  expense  required  to  make  them.  It  is  a  con- 
servative statement  to  say  that  over  one-half  of  the  existing  wood  lots  in 
the  state  would  be  very  greatly  improved  in  value  and  in  productive  capac- 
ity by  a  series  of  judicious  cleanings. 

In  addition  to  these  cleaning  cuttings,  in  certain  regions  "thinnings" 
seem  to  be  required.  Two  trees  of  a  valuable  species  may  stand  so  close 
together  that  if  both  were  allowed  to  remain,  neither  would  develop  into 
a  good  tree.  One  of  them  should  be  cut  away.  In  almost  every  wood  lot 
also,  there  are  to  be  found  clumps  of  trees  which  stand  so  close  together 
that  they  have  developed  thin,  weak  stems  instead  of  stout  and  sturdy 
trunks.  Enough  of  these  should  be  cut  out  to  insure  a  healthy  and  vigorous 
growth  on  the  part  of  the  trees  that  remain.  The  thinnings  differ  from 
the  cleanings  in  that,  while  the  cleaning  removes  undesirable  and  injur- 
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lous  forms  only,  the  process  of  thinning  removes  desirable  forms  wlien- 
they  are  wrongly  placed  in  order  that  the  trees  left  standing  may  have  a 
better  chance.  There  is  scarcely  a  wood  lot  in  tlie  state  in  which  manifold 
instances  of  the  value  which  would  result  from  careful  thinning  cannot  be 
found. 

The  existing  wood  lots  can  be  stili  furtiier  maintained  in  good  erudi- 
tion by  a  more  careful  use  of  the  material  which  is  cut  from  them.  There 
is  a  constant  tendency  to  cut  such  trees  as  will  work  up  most  easily,  what- 
ever may  be  the  purpose  for  which  they  are  to  be  used.  Good  straight 
white  oak  of  sutticient  size  to  have  a  high  value  for  lumber  is  cut  for  fire 
wood,  or  rails,  or  posts,  when  a  score  of  other  si)ecies  which  have  no  lum- 
X>er  value  might  serve  these  purposes  as  well  if  not  better.  In  the  same 
way  large*  numbers  of  vigorous  and  straight  young  saplings  are  cut  down 
for  hoops,  for  poies,  or  for  other  of  the  manifold  uses  of  the  farm.  Such 
wastefulness  under  present  conditions  is  little  short  of  criminal.  The 
woods  of  high  value  should  be  allowed  to  come  to  their  full  size  and  devel- 
opment and  the  ordinary  uses  of  the  farm  supplied  from  inferior  timbers 
which  are  of  less  value  and  of  less  general  usefulness. 

Great  care  should  also  be  taken  in  working  up  the  tops  of  the  trees 
cut  in  such  a  way  as  to  utilize  them  as  far  as  possible.  Not  only  does 
such  utilization  re<luce  the  number  of  trees  that  are  cut  from  the  tract, 
but  it  at  the  same  time  protects  it  from  damage  by  fire,  since  the  dry  tops 
of  trees  burn  fiercely  and  are  always  a  great  peril  in  case  of  fire.  An 
examination  of  an  ordinary  cutting  whether  for  wood  or  lumt>er  or  clear- 
ing will  show  that  scarcely  50%  of  the  tree  is  utilized. 

It  is  very  diftlcult  to  form  any  estimate  of  the  amount  of  the  present 
timber  stand  of  the  state.  As  contrasted  with  the  past  the  average  amount 
per  acre  has  been  very  largely  reduced.  As  examination  of  the  sources  of 
supply  of  wood  manufacturing  plants  will  show  that  a  large  proportion  of 
the  more  valuable  timl>ers  which  they  use  in  their  work  are  secured  from 
without  the  boundaries  of  the  state.  As  an  illustration,  Information  de- 
rived from  certain  veneering  companies  of  the  State  may  be  given. 

The  Indiana  Veneer  and  Lumber  Company  uses  in  its  operation  oak 
and  principally  white  oak.  Most  of  this  is  derived  from  the  states  be- 
tween Ohio  and  Missouri,  but  not  above  25%  of  it  is  secured  from  In- 
diana. 
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The  Evansvllle  Veneer  Company  cuts  gum,  iioplar,  white  oak,  red  oak, 
sycamore  and  beech.  They  purchase  these  woods  in  Tennessee,  Kentucky, 
and  Mississippi,  getting  none  from  Indiana. 

The  Goshen  Veneer  Company  uses  bass  wood,  maple,  ash,  elm.  syca- 
more, beech,  poplar,  oak  and  walnut.  The  oak  they  buy  in  Illinois  and 
Kentucky ;  the  poplar  south  of  the  Ohio  river.  As  nearly  as  they  can  esti- 
mate. G0%  of  the  material  which  they  use  comes  from  Indiana. 

The  Iloosier  Veneer  Company  uses  white  oak  very  largely,  with  some 
red  oak.  About  35%  of  this  material  comes  from  the  south  and  about  Cut% 
from  Indiana. 

Showers  Brother.s  Company.  Blt>omingt(m.  cut  only  those  woods  that 
are  native  to  the  southern  part  of  the  state.  They  include  in  their  work 
the  different  varieties  of  r)ak,  iM)i>lar.  beech,  maple,  sycamore,  elm,  ash, 
and  hard  gum  with  occasional  logs  of  walnut  and  cherry.  The  last  two 
are  taken  from  southern  Indiana.  A  direi-t  quotation  from  tlie  letter  of 
their  sec-retary  is  extremely  suggestive.  "There  is  yet  quite  a  (piantity 
of  timt>er  in  this  section  of  Indiaiia.  It  is,  however,  becoming  very  much 
scattered.  The  visible  supply  of  veneering  timber  in  Indiana  is  rapidly 
diminishing.  In  my  opinion  within  four  or  five  ifcars  it  will  hv  nvcvasary 
for  the.  larger  millis  to  draw  from  out  of  the  state  a  lartie  part  of  their  logs. 
The  quality  of  southern  Indiana  logs.  priiicii)ally  the  oak  varieties.  Is  the 
l)est  in  tlie  coimtry  for  veneering  puriioses.  The  texture  of  the  grain  and 
of  the  figure  being  far  superior  for  cabinet  purjioses  to  the  southern  varie- 
ties. We  use  in  our  veneering  mill  alone  about  .'^'),000  feet  l(»g  measure  of 
timber  per  week.  It  is  my  opini(»n  that  further  development  of  the  ve- 
neering industry  will  do  more  to  save  the  diminishing  supply  of  tlml)er  In 
this  state  than  any  other  one  thing,  as  in  working  timber  into  veneer  an 
enormous  saving  in  waste  is  effected." 

The  Diamond  Veneer  Company  uses  only  cpiartered  oak  in  its  opera- 
tions, buying  flitches  from  the  saw  mills  and  not  buying  logs.  The  com- 
I»any  estimates  that  about  90%  of  its  stock  comes  from  Indiana  mills,  but 
has  no  knowleflge  as  to  the  sources  of  supply  of  the  mills. 

The  Putnam  Oak  Veneer  Compan}-  uses  practically  any  of  the  native 
woud.s  of  Indiana.  The  w(K)d.^  principally  used  are  white,  burr,  and  red 
oak.  ash,  hickory,  bass  wo(»d.  soft  elm,  poplar,  walnut,  black  gum  and  beech. 
"Probably  20%  of  the  wood,  such  as  gum,  cottonwotKl,  poplar,  red  and 
white  oak,  comes  from  our  native  forests,  the  balance  comes  from  the 
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Houth.  where  the  timber  is  better  as  to  size  and  cheaper  as  to  price  than 
our  own  timber.    In  my  Judgment  we  do  not  furnish  over  40%  of  the  lum- 
l>er  consumed  in  tlie  state,  the  balance  comes  from  the  south.     As  is  a 
well  known  fact,  Indiana  oak  is  the  finest  grade  of  oak  that  was  ctct 
grown  in  this  continent.    It  is  beyond  the  i>ower  of  any  living  man  to  pro- 
duiH>  the  wonderful  forests  of  oak,  poplar,  ash,  and  walnut  that  once  cov- 
ennl  this  state  of  ours.     We  gather  our  supply  from  all  over  the  state. 
Fifteen  to  twenty-five  j*ears  ago  we  were  able  to  buy  bunches  of  oak  tim- 
ber in  from  75.000  to  100,000  feet  lots,  but  now  we  pick  up  a  tree  here  and 
thero  where  possible.     The  condition  has  been  reached  that  the  state  is 
swept  practically  clean  of  all  its  native  oak." 

Mr.  Howard  I.  Young,  Secretary  of  the  National  Veneer  Associatioii. 
estimates  that  there  is  in  the  neighborhood  of  ninety  million  feet  of  oak 
veneer  mauufactureil  in  Indiana  annually.  This  output  is  classified  broad- 
ly into  two  parts,  quartered  oak  veneer  amounHn^  to  about  sixty-eigiit 
million  feet,  and  rotary  cut  oak  veneer,  amounting  to  twenty-two  million 
feet.  While  much  of  the  oak  material  is  secured  firom  Indiana.  Ohio. 
Illinois,  a  very  material  quantity  of  oak  logs  are  shipped  from  the  9 
em  states  to  fill  the  demaml  for  this  class  of  materiaL 

These  extracts  indicate  that  for  many  years  selective  caning  bas  been 
praotisetl  and  in  fact  has  been  increasing  as  the  yeairs  have  pot^n^d.  Tim- 
ber area  after  timt^er  area  has  been  swept  clean  of  its  bkiofc  w^haut.  St» 
j-ellow  iHH^lar.  its  white  i»ak.  its  cherry,  and  other  trees  of  hhsh  ?r:ide 
larjw  siie.  As  a  recruit  the  forests  that  are  left  are  comp»»ed  •^r  !««» 
sirahle  forms,  and  it  is  these  less  desirable  forms  that  are  fami:riiinr 
fiHTtxrt  of  the  future  in  s^»  far  as  any  such  future  is  to  be  hii>|wd  f*>r.  Ir  ia 
very  evident  fn^m  this  statement  of  facts  that  if  the  hi«ii  r«p«inis»m  rf 
Indiana  limbers  is  to  be  maintained  and  that  if  Indiana  .:•  irciiini?*  ts?  te 
able  K>  prv>vide  material  for  its  own  wood  manafaetnrin;?  in^rnscr.t 
cKxse  atteuttiHi  is  itematHleil  aK^of  the  lines  of  tlie  t«»fl«^^^*-°^  " 
wi>v»d  tracts  with  desirable  si^eciesL  This  may  m**^  pUacmac 
otvn  plaivs.  but  even  tn  sinte  of  the  consideril^*!*^  «ss*™=^ 
a  prvK^ess.  the  result*  rvavhed  w»Mild  far  excee«3k^  \5V  '^"^ 
While  the  exjvriiueutal  j^rk^  at  the  State  ^mc«^ 

been  ux»  brief  to  ^Jl^l:•sh  data  f»>r  anthoriia       -^^xc^  '"  _  .^^^^v 

IKmj»  all  tv-n:  r-^  tte  face  that  hish  $nde  x=^     xx««*  ~    ,^«jrf.Vi»* 
Mavk  watciiit.  aaa  ash  will  s:rvw  d*  rapidly  as        .asr^^^ 
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Not  only  are  the  indications  tliat  they  will  grow  as  rapidly,  but  also 
that  they  will  maintain  themselves  in  a  healthy  state,  in  good  form  and  be 
relatively  free  from  insect  attack  and  fungus  disease.  While  it  is  true 
that  the  oaks  which  are  at  present  in  very  high  demand  will  not  make 
such  rapid  growth,  it  has  been  found  that  they  will  make  a  sure  and 
healthy  growth  and  that  in  all  probability  a  natural  regeneration  of  the 
existing  wood  tracts  with  our  native  oaks  and  other  high  grade  timbers 
would  be  easily  within  the  range  of  possibility,  were  it  not  for  over- 
pasturage,  damage  by  fire  and  destructive  lumbering. 

All  of  this  means  that  in  the  use  of  the  wood  lot  or  small  timber 
tract  the  owner  should  have  constantly  in  mind  its  pet-petuation  in  unim- 
paired value.  No  tree  should  be  cut  unless  there  is  evidence  that  its  place 
will  be  quickly  taken  by  another  equally  desirable  form  and  this  evidence 
is  always  at  hand  in  the  presence  of  an  abundant  young  growth.  If  such 
a  young  growth  is  not  present,  cutting  cannot  be  done  without  diminish- 
ing the  value  of  the  stand.  In  every  case  the  owner  should  regard  a  stand 
of  timber  as  an  investment  from  which  he  should  derive  a  constant  rev- 
enue, while  at  the  same  time  the  investment  remains  unimpaired.  The 
scarcity  of  high  grade  timber,  the  eagerness  with  which  it  is  sought  and 
the  relatively  high  stumpage  values  all  combine  to  tempt  the  owner  to  such 
an  impairment  of  his  investment,  but  a  yielding  to  the  temptatitm  is  an 
indication  of  poor  business  judgment. 

It  may  be  necessary  in  many  instances  to  reinforce  the  relatively  slow 
process  of  natural  seed  regeneration.  This  may  be  done  cheaply  and  effi- 
ciently in  many  ways,  which  are  self -suggestive,  yet  which  will  bear  re- 
statement, 'i'he  weeds  and  brush  may  be  cut  away  from  the  immediate 
neighborhood  of  the  **mother  seed  tree"  In  order  that  the  seeds  may  come 
in  closer  contact  with  tiic  ground  when  they  fall,  thus  greatly  increasing 
their  chances  of  successful  germination.  If  the  soil  is  hard  ami  compact 
it  may  be  broken  with  a  hoe  or  plow  so  as  to  furnish  a  more  satisfactory 
seed  bed.  In  some  cases  where  the  litter  of  leaves  is  quite  deep  it  may  be 
advisable  to  rake  it  off  in  order  to  expose  the  mineral  soil  and  even  in  ex- 
treme instances  to  burn  it  off,  although  burning  over  a  tract  to  reinforce 
natural  seed  regeneration  is  an  extremely  doubtful  process  in  unskilled 
hands.  The  methods  suggested  do  not  cover  wide  areas  and  are  the  ordi- 
nary methods  used  in  the  management  of  other  crops.  Whatever  form 
they  may  take  the  result  sought  is  the  same,  an  increase  in  the  number  of 
seeds  germinating  by  Improving  the  character  of  the  seed  bed. 
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It  iH  very  obvfcniH  from  this  r^uui^  of  conditions  that  unle^ts  the  own- 
«rH  of  (•xlMtin^  wo<k1  lotB  attack  the  problem  in  an  intelligent  way  the  time 
iH  not  fur  removwl  wlien  practically  all  of  the  material  used  in  our  wood 
inaiiufacturinK  plantH  will  have  to  be  Khipi)ed  in  from  other  states. 

Tlie  conclusion  to  l)e  drawn  from  the  statements  in  the  above  fuira- 
Kraphs  are  all  but  obvious.  Practically  all  of  our  forests  are  in  private 
liandM  and  it  is  very  evident  that  the  timber  problem  in  Indiana  is  to  be 
solved  l)y  private  forestry.  The  obstacles  to  private  forestry  are  summar- 
ized by  Treadwcll  Cleveland,  Jr..'  as  fire  risk,  ill-devised  taxation  and 
cheap  stumjia^e.  The  first  two  of  these  he  suggests  are  "artificial  olista- 
cles"  which  nujy  be  remove<l  by  suitable  state  legislation.  Concerning  the 
third,  Mr.  (.leveland  says:  "Cheap  stumpage  is  the  chief  material  ol»sta- 
de  to  the  wide  extension  of  private  forestry.  Forestry  involves  an  in- 
vestment in  growing  tind)er.  If  the  investment  is  to  show  a  satisfactory 
profit*  the  pnnluct  nnist  not  sell  too  cheap.  As  long  as  the  prinluct  sells 
cheap.  ex|HMidltun»s  will  not  l)e  made  to  prinUice  it  and  the  lumberman 
will  continue  to  be  the  nomad  and  the  8i)ei'ulator  which  past  conditions 
have  inevitably  made  him.  In  ortler  to  hold  out  inducements  to  private 
enterprist*.  fon»stry  must  offer  a  reasonable  margin  of  profit  ab.)ve  the 
i*t>st  (if  growing  the  timber. 

*Thls  obstacle  to  foi*estry  Is  l>elng  steadily  removed  by  the  «lep!eti<c 
of  the  virgin  fort»sts  and  the  <.H>nse<iuent  rise  in  stumi>jige  prii^es.  Already 
the  scarcity  of  supplit^  has  resulteil  in  a  number  of  cases  in  the  holdlns: 
of  tracts  for  mon»  than  a  single  crt>p." 

It  is  evident  that  if  the  timl»er  supply  of  the  state  l>e  maintained  there 
umst  U»  tHH»|H»ration  lH»tween  the  state  and  private  owners.  Just  whit 
form  state  laws  for  the  eiutmrsigement  of  forestry  should  take  is  dmC 
|H»rftvtly  rlear.  It  is  evident,  however,  that  legislation  slte>uUl  dev«?>l.^  «4it 
of  stale  i^uuliiions  and  until  the  res^^urces  of  cin^jieration  have  b^^n  ex- 
hausttHl.  definite  Icirislation  shinild  not  be  enacte^L  An  examiiLiti*  a  --f 
8t«to  laws  tsu\>uni):ing  fon^try  shows  that  they  may  t^  ?rr»  iti^hI  azbtlef 
two  g^'ueral  heads.  Kirsc.  th»«s^»  which  se^  to  stimulate  tr>^e  pLAnrtas  by 
tKHUUles  or  tax  exemptions;  se^vsul.  thi^^e  establishin:c  F.-cvrs^  •."i-aim^ 
slous  ami.  in  late  yoars.  State  Korvsters  charpetl  with  duti^^s  sxx;j::£vsc««l  by 
the  wudinous  iu  the  state  creating  these  i^divvsw  The  laws:  iii»i*r  ton^  ir« 
Sivnp  h;i\>*  Nvu.  aUiu^t  without  excet^i*  n.  ineffe»:tir^»  aiui   .a.   Ti^ry  sunj 

♦i^i^tu-i  ,♦?  fV>.*rrY  ia  :it^>  Tair^  Srit-e*.     rt»r*#t  S*nri.."*  Olrr^nr  KT    ^o    rM*. 
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cnses  have  been  repealed  and  in  a  considerable  number  of  other  cases  de- 
clared unconstitutional.  Such  laws  *'have  had  some  slight  educational 
value,  but  they  have  led  neither  to  the  planting  nor  to  the  preservation  of 
forests."* 

Laws  falling  under  the  second  group,  on  the  contrary,  seem  to  have 
greatly  advanced  the  cause  of  forestry.  This  has  been  done  mainly  by 
gathering  information,  cooperating  with  private  land  owners  and  giving 
advice  concerning  the  care  of  private  holdings  and  tree  plantings.  In  many 
states,  state  forests  have  been  established  and  these  have  in  every  in- 
stance proved  of  high  value.  To  quote  directly  from  Mr.  Cleveland.* 
*These  State  forests  represent  a  line  of  state  action  which  has  been  pre- 
eminently successful.  New  York  leads  the  list  in  Stiite  forest  area  (1,611,- 
817  acres),  followed  by  Pennsylvania  (863.000),  and  Wisconsin  (253,573 
acres.)  The  smaller  attempts  of  Minnesota,  Michigan,  Connecticut,  Mas- 
sachusetts, New  Jersey.  Indiana,  etc..  are  all  important.  The  State  forests 
speak  for  themselves.  First,  they  furnish  object  lessons  of  great  value; 
sec<jnd,  they  form  the  nucleus  of  what  some  day  must  be  the  principal 
center  of  state  forest  work.  It  is  a  fundamentally  sound  policy  for  the 
State  to  own  land,  especially  land  which  does  not  oflTer  the  conditions 
necessary  for  prosperous  settlement." 

Under  existing  conditions  in  our  own  state,  the  most  important  and 
imniciliate  duty  is  f\n  extension  of  knowledge  concerning  the  significance 
of  existing  tlml)erc^l  areas  In  th?ir  relation  to  the  future  of  the  forests  and 
of  the  wood  working  industries;  of  their  v.ilue  as  investments;  of  meth- 
ods of  management  and  utilization  which  will  secure  the  maximum  revenue 
w^ithout  deterioration  of  the  stand;  of  the  importance  of  reinforcing  nat- 
ural seed  regeneration  and  of  a  more  general  practice  (»f  wisely  considered 
afforestation  methods.  The  most  casual  insi)ection  of  the  present  timbered 
areas  would  prove  sufficient  to  convince  the  most  skeptical  of  the  impor- 
tance of  intelligent  and  pei*sistent  effort  along  the  lines  indicated.  If,  in 
addition,  we  consider  the  large  area  of  land  at  present  utterly  uniu'oduc- 
tive,  areas  which  are  increasing  in  extent  eacli  year,  some  wisely  planned 
and  judiciously  applied  remedial  measures  seem  absolutely  imperative. 
The  Academy  of  Science  could  do  nmch  as  a  body  and  through  the  efforts 
of  its  members  to  aid  In  this  work.     The  problem  is  sufficiently  acute  to 


4  fiDd  6  Status  of  Forestry  In  the  United  States.     Forest  Service  Circular  167,  Sep- 
teml>er,  1909.  p.  21. 
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indicate  that  the  time  for  destructive  criticisms  of  present  attempts  for 
its  solution  has  passed,  and  that  the  time  has  arrived  for  cooperation  in 
this  work.  If  this  cannot  be  given,  the  criticism  should  at  least  be  con- 
structive. In  eight  years  of  service  on  the  State  Board  of  Forestry,  it 
has  been  my  privilege  to  hear  many  sharp  criticisms  of  its  personnel  and 
its  worli,  but  in  all  that  time  there  has  come  neither  to  the  board  nor  to 
any  individual  member  of  it  a  single  suggestion  as  to  how  either  might  be 
improved. 

It  may  be  assumed  without  argument  that  a  complete  invoice  of  the 
present  stand,  as  to  amount,  composition  and  distribution  is  absolutely  ne- 
cessary in  order  to  secure  results  which  are  even  approximately  satisfac- 
tory. As  a  matter  of  fact,  it  has  been  demonstrated  that  with  the  present 
sources  of  information  and  with  the  present  limitations  as  to  the  functions 
of  the  State  Board  of  Forestry  the  collection  of  such  data  is  absolutely  im- 
possible. Yet,  it  is  evident  that  such  a  census  of  our  forests  and  such  knowl- 
edge of  their  composition  and  distribution  are  conditions  precedent  to  any 
successful  work  looking  to  the  maintenance  of  our  timber  supply.  It  is 
at  this  point  that  the  state  should  cooperate  with  the  National  Forest 
Service.  In  many  states,  such  a  forest  census  has  been  or  is  being  taken, 
the  Forest  Sei*vice  detailing  experts  for  the  work  and  the  state  paying  the 
expenses  of  the  survey.  Such  cooperation  gives  the  most  complete,  the 
most  accurate  and  the  most  easily  comparable  results  in  the  shortest  time 
and  at  the  least  expense.  If  such  cooperative  work  is  impossible,  then  the 
Board  of  Forestry  should  as  rapidly  as  its  means  will  permit,  collect  and 
organize  information  covering  these  points.  The  slightest  consideration 
of  the  future  of  the  forests  and  of  the  wood- working  industries  of  the 
state  will  show  that  the  results  of  such  a  census  would  prove  of  the  high- 
est importance,  not  only  in  determining  the  policy  of  the  state  but  in  em- 
phasizing the  significance  and  value  of  existing  timbered  areas. 

There  is  need  also  of  much  more  exact  and  indeed  of  much  additional 
knowledge  in  relation  to  the  selection  of  species  for  planting  in  the  differ- 
ent soil,  drainage  and  exposure  conditions  of  the  state.  There  is  need 
also  of  equally  exact  knowledge  concerning  the  silvlcal  qualities  of  these 
species,  the  most  economical  methods  of  propagation,  their  spacing  in 
plantings,  their  cultivation  and  care  and  above  all  their  rate  of  growth 
under  variant  conditions.  The  securing  of  such  data  is  a  matter  of  years 
•of  continuous  experimentation  and  this  work  the  state  is  properly  under- 
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taklDg  ou  the  State  Reserve.  There  is  necessity,  however,  that  the  fact 
should  l>e  kept  in  mind  that  results  sufficiently  definite  to  prove  of  general 
application  can  only  be  secured  as  the  results  of  large  series  of  experiments 
continued  through  many  years.  In  order,  however,  that  such  work  may 
reach  its  highest  value  there  should  be  close  cooperation  with  individual 
land  owners  throughout  the  state.  Cooperative  experimental  plats  should 
be  found  in  every  part  of  the  state.  The  seedlings  should  be  furnished 
from  the  state  reservation  and  should  be  planted  and  cultivated  under 
regulations  prescribed  by  the  State  Board  of  Forestry.  Regular  reports 
should  be  made  by  the  owners  to  the  Board  and  regular  inspections  of 
such  plantings  should  be  made  by  its  Secretary.  The  conclusions  result- 
ing from  observations  covering  a  wide  range  of  conditions  and  involving 
varying  degrees  of  care  and  attention  would  evidently  be  of  much  greater 
value  than  those  possible  under  present  methods. 

There  is  cause  for  congratulation  in  the  fact  that  the  state  realizing 
the  gravity  of  the  problem  confronting  it  is  taking  steps  to  avert  the  dis- 
aster which  our  rapidly  waning  timber  supply  seems  to  indicate.  Caution 
in  such  matters  is  of  course  wise,  but  it  should  not  be  forgotten  that  as  a 
rule  a  Fabian  policy  is  inefl:ectlve  in  acute  cases.  There  is  every  reason 
for  confidence,  however,  in  believing  that  no  backward  steps  will  be  taken 
and  that  as  the  years  pass  the  development  of  a  wise  forest  management 
on  the  part  of  individual  land  owners,  will  under  the  guidance  of  the 
state  be  far  more  rapid  than  in  the  past.  There  Is  reason  for  hope  also  in 
the  general  observance  of  Arbor  Day  for  it  gives  assurance  that  the  next 
generation  will  have  a  fuller  knowledge  and  a  truer  appreciation  of  the 
value  of  our  forests  than  their  parents  ever  pcjssessed. 

Summarizing;  the  present  forestry  conditions  in  Indiana  being  as 
stated,  three  great  lines  of  work  suggest  themselves  as  Immediately  neces- 
sary if  the  timber  supply  of  the  state  is  maintained : 

1.  An  educational  propaganda  emphasizing  the  importance  of  correct 
forest  methods,  the  value  and  potentiality  of  existing  wood  lots,  and  of  the 
importance  of  reclaiming  waste  lands  by  tree  planting. 

2.  A  census  of  the  present  timber  stand,  its  composition  and  its  dis- 
tribution. 

3.  Cooperative  experimental  work  on  the  part  of  the  state  and  indi- 
vidual land  owners,  for  the  determination  of  suitable  species  for  affores- 
tation, their  silvlcal  qualities  and  their  rate  of  growth. 
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Quite  apart  from  any  sentiment,  no  more  acute  problem  nor  one 
which  directly  affects  more  business  and  individual  interests  confronts 
the  state.  Others  may  be  of  greater  magnitude,  but  certainly  no  other 
one  touches  so  intimately  such  wide  and  varied  interests. 

Purdue  University, 
Lafayette,  Ind. 
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